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The objective of this project is to explore the potential contribution
of APT to enhance comand group performance and provide feas ible concepts
for its applicat ion in advanced C3 systems. One of the main problems
with previous attempts at assisting or automating military decision tasks

iv that the decision making and problem solving tasks of the comand group

take place in  a complex , dynamic and only partiall y known envirorvnent

w hICh does not l end itself to analytical or al gorithmic formalization .

Convent ional brute force programing techniques and data base system s

tend to t’i’ overwhe lmed by the complexity and i rregular ity of the military

problem. APT prov ides techn i ques tha t are especiall y appropr iate for
such conceptu a ll y trregular problem domains and can be made compatib le

w ith human expert conceptual ization of uch domains , even though this

knowledge i s  t~plt~~l 1 y qual i tat ive , uncertain or judgmental .

7~ii’ pror is lnq hi gh payoff area for mil itary C3 application for the

transfer and eva l ua t~ ,.rn of APT was found to be a decision aid for a

d ivt’ ,ion leve l ? ,‘ perfcrr ’ ing s it ua t ion  assessment. A preliminary design

of a feasit’le s it ud t io n  assessmen t system was performed using one of the

tested APT techniques : the mu?t i-metnberchip, nuit l-purpose class ificat ion

approach . T h is  is a knowledge driven approach based on a general ized
Bayesian aggregat ion model.

It was estimated tha t a five year development effort is necessary

to transfer the APT technology Into the military environment. A program

pla n was developed to accompl ish an e f fec t ive  transfer. The f i rst  year
of the pla n Is a concept demonstration . The second phase, covering the

second and third years w i ll transfer and refine the APT techniques and

knowledge representations for the r” iilitary environnent. The third phase,

covering the fourth and f I f th years , wi l l  inc lude primarily knowledge
base elicitation , implementation of a test system, and extensive

evaluation. The f ive year program considers the r ic~ c involved in a
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deve l opment effort of such magnitude and requires yearly useful products

pf increasing comp lexity. These products allow examinat ion of the

systems concepts at regular development phases.

Factors tha t contribute to the risk of the development effort are

addressed in the report and they include technol ogical impl ementab ility ,

technical feasib i lit y and knowledge base considerat ions .

TeLhno loqical irlpl em en tab ili ty is concerned wIth wt’ether the hardware

technology needed for a s tuation assessment system w il l be avai lable when

the time comes to implement such a system . The computing resources needed

for an eventual i nip l ementat ion of a situat ion assessment system were

anal yzed . l~ was concluded tha t the tec hnology that will be available

around 1985, when the development transfer effort wil l be completed , w I l l
provide the requ i red co”~putt ’r resources and speed in a compact, militarized

enclosure.

ec’inic al f,’,i’,ibil~ t ,  is  n . i-’rned w i t h  whether the APT techniques
can indeed pf ’ .’nt iv,’ l  handle the ~ori;.1t ’ .i t - ,- of the m i l i t a ry  problem.

The main 1svu t ~ i’, whether an o t i m a t e d  5-1 (1 fold increas e in the systems
knowledge ~‘.i- .e would cause an unacceptable inc rease in response time . It

Is ant ic’pated that ~‘.‘ing driven by proble m -domai n-specific knowledge the

increase i n  kno2~iedge ~‘a’,o si :e would not increa ’.e processing to

unacceptable t i rw ,.

The problem of correc t and complete eli itat ion of knoweldge is the
fina l ri ’.~ factor . T h i c  is  especIally significant in the Imp l ementation

of an APT system , a-; ain , because it is knowledge driven . Consequently .

attention to the elicitation effort w ill be a continuous and important

part of the complete development effort.

The system is considered to be integratable as part of future C3

systems like 105. It includes a genera l mil ita ry knowledge base but uses
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spec ific know l edge abou t current tactical engagements ava ilable in other

data bases , thus avoid ing dupl icat ion of data.

The fina l product 0’ the five year program is a complete, working,

stand alo ne and well documented demonstration situat ion assessment
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ri’ ; r, ’- , - r u  ‘. .~ t 1- ’ 1 , - . fl’ i - ~‘ ‘S • 1 ’ ’ o v a - ’ ; -  t ’  ‘*~~L ‘ a r  i sms • 1 ror r I  i v ;  a p a t i  li t  ~o ’,

‘ - - I ‘“‘i i i  -‘ I ott a’ • i s tools.

u i . - P’ ;r _ m - i  i t ; - ~ i,-~~’ i iol. - ; ,  ha’ , ,-vo I ~ o-I i’. a resul t of

- ‘ - ‘  ‘ ~~
- . _ ‘ . - t  - - ‘ ‘ 1 ’ o 5  - I 19 ’ it  i~ ; • - ~~

- -. r; I 1~~n • -~ o-;n i t ion •

to . 1 - 1  ‘1 ~~~~~ 
- ; .  ‘ is  i,- - , a -  it ‘ - ~~~~ 

;- t’c - ~~~- PI - -t~d jv -It ’r t ha -  .;t’t ut ’r i~ t it It - -

-
~ • I f i ~ I I “ t o  1 ‘ ; .- n ~~~’ • m ’ t a - i . r~ ~~~~~ o ;i- it  lu, .1, d A- .i ~ ; t m  v a and Learn i rig

Cot~~’ -1 . ~~~~~~~~ 
• ‘ - -  i ’ a,  1 ,  ~~. -v - a ~~~~~~ t i ’ . ’ , t ,-d  t~~w ird  1 s -  dev e i ; s - s ’ r t u~

, - ‘ - , - ‘  o 1 ~~ ~I - - ,
-
~~~

, - - . ~
- ,t • - - - ‘ - 

~if I Nd t -i . ‘ t~ 1 ~~~~ 
- - t~~- 1! 1 C ~ (tf r ‘ - I

A - • - -  In  •~r to ‘- - i ’- - • i . ’  • r,’’ ,4 I t  • ~ I v  ,mnSi  t IOn ‘ I ’

• ‘ ‘ - - i; ; 1 i ~~~ , ‘ ‘ ~~ ‘ ~~
-, : - ~~

-
~~

- ‘ u 5 1 - - 
‘o-  ~ i- r t ’ - o i  a 55 • ¶ hr

- ‘ t I  ;ia’’, ‘‘ r ’ .n’’~~ ’ ~~,, 1  ‘ ‘ 1  O~~’t ’  1 ~ol’ -t - -  ‘ t i C d l  i i S i ’  • o’

- 
• ‘ - ‘  _ t ‘s ’ - -~ 

• 
~~

, . r - t , - -. 1 5 1  -5 ~~~~ i n - ;  • .s. - ‘ - - ~~a y I  t a v e  t- s.a a - n t  1

‘ ‘ ‘ - ‘ ‘i ii .’.’ : i’ ‘ - ,a’? ~I J,-~~i’,l ‘i_ a i t  ; - , - ‘. - ‘ ‘ -  - N ’ 1 5  1”’ ~ -t , ’ ’ , ’ , i VC

- “~~ s i ’  • ‘ i ‘- . a ’  - ..v ‘~~~~~~~~~
,‘--  I - --- ,~i 1 n -- -

~~3 ”  V~ ‘
‘ 

- ‘ - I , , a , ‘ ‘ ‘ - ~~I ’ - ’ C ’ . i’; ’’- 0 ’ ,i t~t , ’~i~~.- - i .  ; , , t t - - ;

‘ ill 1 f l1 ;  ‘ ‘ t , - ,- ‘ ‘ -  ‘‘‘ ‘ ic ~~i i v - ’ - ,i~~ . 
• ‘— ‘-  - , I ,’ ’ .

1 )  ‘ i• • o , ’’’ ’ ’ -  ;‘ - i  I i t - , . ‘

- • -  1 - .1 “. ‘ .o •  In- ;  ‘ ‘ ‘w  ‘ a  -

(3) . r  ~~1 ,~ - -  s u i , 1 ’ - ;  t a - , ’ n u ; .~ a - .

- ‘i t ,’ rvu ‘ .  0 ,’”’~’ lfl ” 1nVOl ~-l’’ - I’ ‘- c a ; - a t ’ i i  i t , - of -i c omputer I;-

• . - i . i ’’ a a -  -
~~ I m t i  ‘ ‘ - i t  - . ‘ a ’ - . and to - t a - id’’ c - ’ -  their  neaninq. u t ’ ,,

~~ ‘ ‘ “  c a t s ’ ~~- r ,  0’ “,‘- ‘ I I’ ” . I- .-lO nt; . Pattern r4 ’ (slifl) t iOfl r~j~~ )ni~~;’I’~P

in ; is  - i ssoc  u - i t o d  A u t h tho ;- r  o ’  ‘ s  -~~ .is’ t s ’ ,~~ u n1’~ ; the

r,
~;at’:)i’

. ,~~ ; t— i ’ I~~i-on in ; , ‘ 1r  m featujr~ ’, and t h r ’ ev e nts  ( hey  re ;- rt ’sont .

‘,j” , - r ” - r,’~~o~~n~~ t ic ’ ,r~ ca u- Ic I - P - I  f a r  even t clacc i ’,i it ion and environmental
‘

I
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,t’ , s t - - , -.u’i~~r1t , for e~amp l s’, detection of unusua l events or interpretation

of -,onvor data.

Decisio n n~ikInq networks Involve automat i~. selec t ion  of a rourse

,i~ ¶ 0?) t~ .~ L u4!i~)ut(’ r , T h a ’ pr ’ut i’’- - . involves an evaluat ion func t ion .
adapt i V a  - ~

‘ I t o ri a or ryi 1 uat i n~; a I ternat m vt’ - . , and a model for  t o ; - ’  a ’ - ,,-ru t i nq

t ~‘v’ ; - - ‘  I t’nt m a I -It in t n , m t ~ an he e~ pec ted from a part m cu 1 ar our’,,’ of a~ (ion ,

Pr ~~t ’ i~’”- ‘.o 1 ‘~ in ;  tec Pin 1 qucs ‘
-
~n - - - ‘ t ‘, of cOn ( ro 1 met. han i’ - ’-~ f o r

~e Icc ! i on and r ,i ‘ i l l  t u ;  if an ac t lo’ ;uenc e w i t h  r i ’ ~ ;‘a t to a qi v t - n

~t’ ’ 4 .’~~~~mfl cP c r 1  t o r i , m  • 
to ~r&j, ~r to a ‘i~~~t’ ~1’ - O t t t ~t t i v i ’ . P r u t t I a - u -  solvin ’;

te~ ‘ml ;~~~
- - i n ’  ~s - a - ,I ‘ t ’ ~r’ ;-~~t or c t r a t a ’q,-  u - i  ann i n ;  

* 
‘ or rs ’ - o u ~~u a ’ - a 1 b C  at ion

‘or  , , - , ‘ a- ’ - r,’~ , n f l . ;-u ra! ion , and w ’ a ’ r a ’v a ’ r ,j s -,’’ta .ir ‘-i  I ’  t o  t ’r iu-;hI ~~~~~~~~

i f l f l i t l ,il ~,!-i!i~ t o  ‘~~~‘~‘ d5 ’’ . i~~~~~~t ‘‘n il 5 I , i t a ’  w i t h  “-0 ana ’I, ic , m l ‘ .-(hnd

ava l  l i t  1~- t o  5’ - -
~~ t ’~’’ N i  :, 

~~~ ~~t- - ‘ tv’- ;’;j’, ,it i - ni l  a n .1 !‘ o p t a - ’ ,cn!,I ! m ona l

‘ aS ‘~~ I ;~~
. - ‘ . ‘on’” t°’ I - i  i c  ‘i - v — .m - I i ; - t  ‘ , ‘ - l’- - -; ’ - I ”t’- I v ; I,’ ‘ v -  ‘

~~~~~;,
- . : - ~

- - r r -  ‘ inn’,

‘ •-  “ - j i t s ’  ,i ;- ;- l i c o t - l i - t o  nib i’ ’’ , Ii’. i~~~u -5 ‘ ‘ u a ; - ;  ~~~~‘ . t a - ’ - ,jni

(1) _ - - - - t, — ’ - - ’- o ,i , - ‘ . ‘ - . ( ‘ - a - ,- i - o ’ t i n ; ,  l’~’’). 
u , - - t~~~t io f l

‘ . 1 w -  - ‘ •~~~
- ~a’ n ~‘o  I ‘ ‘ ‘-  :‘‘ ‘‘~t ‘ ‘ 1 -

~~~~~‘ ‘-s.d it ’ ‘- a’ ;- ra- ’ a - r . t  1’~- ;

In ~1’ • 0 ’ ‘ r b i ;” l ,  c , t t a ’ - - ~~,i i ‘‘ - A l ’ ’ I ; a -  ‘ l int

S ‘ - - ‘ oats • -~ - 
“ m . -  a - I - v ’ m~~ ~~

- r -tt-r a I 1 (I - -

~~~~
‘ -  11 - .,1 ; t r r a ’ a ’ c ‘ . ‘ - ‘  ‘- c : ( ‘  ) 0 t i l s ’  h r .  o ’

‘ I - ‘ ‘ ‘ .1 ’- - - u ’ ‘ - - ‘ -  ‘ - - i i— ’ — I - - - ~n-j i -n ) ~ •, / i t i - v ’ ) . 

—

(b) m ‘ • ‘-~~ i~ ‘- . - i’ - (c ) a c. •- r - 1 r a~’l ‘ er ’ , • n, ‘-

S ’lr ’c N I f i  -i .I4 V r l r I 1
~~ it of t~~’ i n u t i a l  ‘- t a ta- ; r , - ’ s- c- t in

t ” c w- ’t - I’ ,;.aic . ~~ •‘,, co nt r o l  --
~~

- ‘ - t a , ’ ’ . ” !‘ ‘- ~ s i - le c t s  , i ; ;- ’ ’ , ”i.i ’c-

pro, 1 s( t ions in- -I a ; - ; i is’s  kp~—’ Ii’ I ~~ a ( . i’i! a ’ r ?  o ’ I he won “pat I’,

~r ’— ”’~” .1 O. •’ ( ‘-- a “- — ; ‘ -  ‘- in I “c w-~~ a •- wt’ ‘ t , “ma ~ C ot h,-’t’

ion; appl~~ al- ic . ~he ~r -oca ’ ’- c  i o n ?  inues unt il a ic- - i red 
*

fina l state I’- re,j h0 1  Ir, t ’ - ’ - w~~’
- o - .;  j~~~

-
• r1 ’-~s’~ * the solution .

1- f’

en- -
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( •) )  Pat tern CI.i ’. s if i c a t io n  bj  Discr iminant  Funi t~ 0n.

(N i lsso n , 1965). These are evaluation functions that

classify a set of inpu t data var iables by attachin g a

wright to each data item and evaluating the data by a
linear or nonl inear aqqregation of the wei ghted data

elements. [lifferent we ights are associated with different

clas ses of events. The weIghts are established by a

training program . In some cases , a system using these
techniques can demonstrate lea rning, even on a previously
unseen s a ’ t  of sançlo’, (c iu’ •ter ing techniques).

(3) Mat in~j r i  L i~~s l  l hoa a J  i oc ms i o r - i P4etwo rks.  These are methods
to represent and so lve dec is ion si tuatIons in face of r isk
and uncerta m nt -,- . ~ t’ network enables a user to selec t a
- - 4r5,’ ~jf ac t  io n 01; the t’i’ i’ of i ts probabil i ty of success

m d  a lu, - . c r i t e r i o n . inferr ed from c onditiona l prob abilit- ,-

;‘a v ’ ar~.. t ,. r’, and I ha’ t- iiv I ron nw nta 1 c ond it i t)fl , wh 1 i h bea r on

t ’ .a ’ event

(4 )  ~~i ’ j en t  ma I - a -  m c i  on ‘,“two r~ (
~ u . 1 ~~~~u ;  Ben-Rassat . 1 978a).

“s’ ’- ” a e c - ’ ~’ ; ’ i4 t • t io na1 teL hn’- ;ur’~ for sequent iab1- ,- - ~a’ lect inq

in for-r-~j ! io n  for dec i- .i on rua~~in’1 on the t iasis of the
o r t r u ~ - -j ’~i itu the mnfor,na t ion r’m,j, n~~~r’ t owa rd lrprovi.-’~ the

lan i - ,ion ;ial i!, - . The tecbni ;ue involves concepts such as

1” ’ - ‘-— ~ i t i - n  ‘a’,iiurc -e lect i on . ran lm n q, and optima l sto7plng

rules ,

( S  ntic P4etwork-s ( Wood s . 1973).  A semantIc network Is a
r”w”thod for representing declarative knowledge about the
relations among e n ti t l e s .  The major application has been to
ecithody non-syntactic knowledge (e.g. ,  semantics and
pra~ na t i c s )  In natura l language understanding systems .

-
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Because of their Inha ’rt ’nt generality and natura bnt ’- - ’- ,

semantic networks have also t a ’t ’ n used to rupra.” t ’ r t t  ~- i ;‘i *

interrelated info rmat lttn that cannot he proper ’h ~ r( c a - ’ ‘-vU

I, standard data-base management techn i ques.

-- )  Frames (M in i ‘, Ie~ , 1’~7 ’ )  . “Fr ame s ” ore a recent, n o w l a ’ - t ;a-

a ’e’, ro s o nt a t  ion :‘~t ’t r tod of qv’ a ’ a t  i n t e r es t .  Tht~ - ; ”  ~~ to  I

~ a’,ial-  1 i t t  , to 1 nt Jude t o t ‘t ;-t ’- .(. p’dur,I 1 and dcc la r-at I

.‘~ow i ” d~~e in ~~~~ ,a”~’ representationa l forna l ism . ~ ‘ a’ , can

;ii’ I’ * l O t t’  ‘‘i~’~-hmn ,’ * i d_ a ’ o C  and u - I 10’ , ,iO ra t  mc ? . ‘~~ a . ij r ua ’  ~1 ,nt

~~i ’~ ~~,,t w ’- i C t - i s  ‘~~nt- r a-; , ’t 1!l ve or .r.i for ’’ i ’ -  ‘l , t t A t ’ a ’ , a ri d
¶ ‘ ~

- 
~~~~~~~~ 

- p1 au’ i I- It’ rea- t n  in’ ; on t ~~ t - a i~ -~~ ‘ ~~

• ‘‘ u ’ . ‘ ‘- u s —~‘t’ t~ I i’ . ap ;-rr tpt ’iate 4 ) ,— ; -a ’n t  it ’’ ’ du” -a,xn ’

~~ ‘ a - p -e no r -;- .~ru-.I 5. ~4 r I  4 I~r” t o d  , 0~ b no w la — d -; a - ,’* - t ’ , . - ,

( )  V i ’ ’ ’  . .~~
V
~~~t ,v . aa h iJ  “- . i t 1 — ,pui-~~oi - .s ’  ~. las ’ - i f i t . m t i  ( H a  —Ba s a l .

I ) , ‘ ‘- i s i~ a -
~ - I i  i a - .I ~a ,‘- - - Ian c ii- - ‘ - - - it ion I ’ - - ‘ iii ~-~ s’

,.. ‘ m c ’ — is ,m r ; -l ic .mt - .’ ‘0 ‘ - t i t ”  ‘ ii’’~
- - W’- a’i t’ ~~1,t 

‘ I s , - I t s ’

. “ ,~~i 1  , . -
~~ , - 

~~ ,
, , ‘-  u — t ; ’ I a - t s -  ,,n-t ‘- ,i, a ’ s , - t ;~ r’ a - t  ‘ a - l a ’ 1-on ’

‘ ‘— a -  ‘ ‘ - ~ ‘ “ 1  ;
~~a’ - i v - i d~ I’” u -tOl l r a-  r,”-s ’ n~ o ’

- I - t o e  ; m u  - I i ! ’  - ° t l  ; r o b a t i b i t u t - - t o t w a ’ ’ - -  .-~- a - ° t ’  v - I

Ci  ~~
- - - °- - . il~~O i’ 1 , 1 . - - . ,i ‘ - . - b,~nj sri~ ~~~~~~ an i - f~~ ’ ~a’ ’~~

.- , ) i : J , i t l ( a n  iin t c i a ’ ,’ i ’~~ i
’~~ :~ ! LJ~~~ ,’ art i a l l - , *no~~’, s,)’ 1’’ ’ - i n

a ;- i - u - i  a”r- -I r-’,i ,n I ‘ - i t  tI 1 s;’ ii -, s h a ’ - . ‘ - I- hara or i 
~~~~ 

1 ç ~

( 8 )  ‘~~- n t a  Ii ~~- ‘ “-~ds ( L ,, 1.
~7 a . I ‘‘7 ) .  ‘- ‘- t ” tj . !.1t s ’  - ‘ ; - a - i ’  u l i ve

-- u l - - e v ~~r t’ , i. ,t t  Ia” t I  ‘ ‘ ‘ - I  In I 5 , ’ i - i -- - I S ’ S ’ ? ’ ~~ ~~~~~~~~~~~ 
~~

;

describe an e ~s-’n . A - ; r ,i - ’ - ,-w ’ • r ;; i a’ i - ‘ a ;- ; ii cnl t - - combine I

cuh_even~ a- int o a u’leanun-; i’ Il s ’r;~ t 1005- . ~- a -  ¶ 4’ ~
‘-n ic ;;je i s

used t o  eva luate data and c l a s sy .  I t s  r’w ’ani~~ ; in t i- ri-”. of
its pattern or c lass .  1’,a ’ c - inta t i c  .ip; m a sh  1’, y e n ,

attract ive when describin g a c omplex pa t t e r n  lr (err s of
hierarchical c omt- iinat lons o’ cuhpatternc .
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programs . In some cases th e performance level of these systems was
coiminensurate wi th that of top level experts in the problem domain. Such
a level of performance was not attainable previousl y using other techniques ,

‘ Muc h of Perceptron ics s~ rk to date has focused on interactive
man-computer systems , and the ut i l i za t ion  of on-line adaptive processes
to .n-i arid reduce rel iance on routine human decision ma l- ing in military

~lt ’c 1 S i - ~n making. There have been four main application s areas:

(1) A~Ia-mp t tva - ’ decis ion aiding in anti- submarine warfare . Th is

mn ~ luds ’-, a scenar io generat ion tec hnique for decis ion aiding
and a ~ethodoloqy for decision performance measurement.

(:‘) Ad a;t iv a .’ dea - ismo n train ing for elec tronic maintenance. Th i s

a r~’tP’rodo1o ’~,’ for aJapt ive in ’-.truction and a

‘-k ’ t bole  I -a ; • (o” pa ’?’ forr.i nce a’, -. ‘a’uen I,

: - ~~f . ’ r isa ’ ’. t r  , mI e - ; y  p 1 ann ing in t a 111  s t  i r— i Sc i les system

l, ’’s ’ r i ’ ,e T ’- i ’, involv es automatic configurat ion of plausib le
.
~

a - ~~,‘ r - ~~~- S I ri I i- ’; mt’ s and eva l uat ion and cc li- i t ion of opt i nia 1

m a ’ - , ;  ur. - ,e (
~ ea , 1) 7 7 ) .

( - • ‘ C1,u -,-, i f i o , m t m - ,iq of ot ’ ,i e c t s  in a threat cloud of re-entry
ye’ , mcli ’ s for I — i  111 st mc m is ’ s i is - dofen ’.e. Thi s involves

rea 1-ti-~’ ada p t ive pattern reco gnition and learn i ng of
m own and unkrsown types of objects (Ren-Bassat , et al , 1 978).

I - 4 ‘~j proach

1 .4.1 current Prp ct_~’j~~ . The approach taken in this current project ,

• to identif y the most cost e f fect ive applicat ion for APT in the mili tary
environment is shown schemat ical ly  In F ig u r e 1-1.

The project started with a detai led requirements analysis of the

1— 1 1
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m.~i -m t  n~’~’js for C3 ~y~~ta ~r’s (Fia - i ure 1.1 (A)). This ana l ysis used a

a’ mult i-attribute evaluat ion method to isolate the most critical and

potentia lly improvable areas In coniuand group opera ti on and determin ing
where computer support is needed. In parallel , a second analysis was
conduc ted (B) to isolate sign ificant APT techniques in previous application

development efforts and ident i f y their main characterist ics. This ana lysis

rt”,ulted in a listing of ava ilable APT techniques which have potential

ap ; ’ l La b-i l i ti  to silita r , decision aiding systems .

Tht ’ result of these two tasks were combined to find the high

payoff app1i~ atiu n area (C) which would have the most impact on coiiriand

group performance (and tra inin g ) and , at the same time , be sol vable without

e~:t’ssive additional outlays in research and development.

Thi- na ’~~t step (D) was the ds- ve1o~~i’n t of a ‘,ys tem concept that

would use the - a ’ I  t : - : ’ l i aI le APT tec hnique in the prev i ousl y identif ied

‘ r i l itary  ap;lli m t i o n  area . The c y s t e r -  conce pt was evaluat ed (1) and
m , ’rati y el , .~ - 1 i fied until a balance was reached in terms of the expected
eff~ rI ver’,j’ I~~ a •- ‘,‘i’ a- Ied effectiveness of the resulting ‘,yster .

‘-ia- fi nal c l a p  (
~ 

) was the  j i ’ na ’ rat i o n of a f ive-year plan for
research a n t  ds ’v i ’ ] v ; - - ’ a”:t program tba ’ will produce an operating demonstrable

c ~
‘‘

~ t er’.

l . 4.’ Pro~ l em A nal jsis Sisir~ ry. The r-ih tary dec isa on making process

i’~ considered h”re to be a repeated c y cl i cal process. The four phases

n~ this ~~.ls ’ are: (1) (‘,oa l and spec i fic objectives determinatIon . (2)

Situat ion re( I)lnitiOfl and assessment , (3) Battle planning, and (4) Plan

execution and r’nnitor inq. Considering the information util i zed by the

coninand group, P h a s e  I sets the goals of the mil itary operation . In

Phase II, the coiuinand group assesses the current military situation with

respect to the ‘i -oils and specific objectives. In Phase III , the assessment

_ _— - -V. 
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o~ the situation Is transformed into a detailed h~t tle plan W h i c h  u t i i i .’es

the a’sets of the friendl y forcet. and takes advantage of enemy vu lnera bi l it it ” - .
Piaa~ e IV is t he actual engagement where the C Omavol group mon i tors t~ i.-

activity, looks for clues it enemy intentions , and gathers information for

the rie~ . cycle.

an al e~ i - ~, along w i t h  interv i ew- -, with ‘.11 i tar ? : - ~ 
- a nns ’l at

mt . t .v o r t a , ~tn - a’., l ed to the i d e nt i fi a - atit ) ’ -. of svver~ 1 ‘ i 1 i tar~
a:- ;- at ~n area - . ~ia p.re C - s :~~ t ,~ a iii n-; • ~

- - ,pt~~ i a l l ~
- ‘ -~~ 

‘ .
~~ 

, ~~‘ i h Ut i I i :s’
:,p~ t ’ -~hn olo -~, , sOu l ~~ of “- t-l -~. ~~ie application area- , are d i v i d s - d  into

two ~roJpI t ‘i i’ i n- 1 i c wflCrC he c r~~j t .’r a id nq supports I ha’ 1 - - v - a t - I

;v -eu:’ in the _‘ r t o ’ - -,j’o_ e e~ i t - -, va riou s o - i t - - , and t he  second is  CtV pite t ’

a idin in t ha’  ~~ 1 itary tr a in in-; env i rmnr-~’rit . W i t h in t ha-  a ” t - ,l of comand

group :-.‘ ,‘ f u  ‘~ in~~t ’ S - u p ; - r  , ‘ .~~
- 1 l~-~ in~; t h ,~~’s ’ . J ~~~~~~P

V
I t . ~~ ; S  ,~ a - !  a -  m l  i~ a t m - I

T a c t i - :a l  1. . l ’ , ior a ids  ‘ t lud~ n~~:

( I ) A t a a ’n ,m i vi- fo rmu l a  ~on
(.‘) A l s -rn ative ev~ 1ual i o-

( 1)  A l h - m a t  i v a ’ -i ’ l e c t m a-

(3) ~- ,m ’tle p1-i n - ;enmration

(5) ‘-c ,‘n m r i o qenerat ion

n) ~a - c ~~ur  a’ m l l - . - m l

V 
Informat ion p r o  ec ’~ m n-~ and n-a - m a  ~ a — -- ’-w’nt aids inc lud ‘-n

(1) Evaluation of Incoming information

(2) Situation assessment

(3) Detection of unusual events

(4) Production of dis plays

(5) IdentifIcation of areas of insuff icient information a

1-14
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Coiiinunicatlon control aids Inc l ud i ng :

( 1 )  Message d isseminat ion
( 2 )  Information filtering

(~
) Information pacing

Within the area of n il i t ary training system s, the introduction of adaptive

aiding was con~ ide reJ i n  the following two subgroups:

battle fi e ld slr u la ti ons including:

(1) ~ut ’ordmna te corviander actions

(.1 Evnironment s im u la t ion

(3) Enemy ac t i ons
( 4 )  “d -,- i  - i 4 a  1 n i t  i at l ye  c imula t on

~ ral ne a
.- ’ ~~~ri m I ni n ;  i n~ 1 i ng :

(1) vent  hi~~~o ry  1~ ’ - ; - ; in ~
(?~ Beh-m ~~mor  I rack ir~

(3 )  Automated pt’ r~ nv -”~ari s-’ ,m-,se’.s:-ta-nI

(4) n- ,t ru ct i oral strateq i 4’- - adapt ation

b 15  l i s t -f a;-: 1 i c a t - n ’ , is the baseline of the ‘-“ l et tion process. hey

ire e~p lam ned in b - t a i l  in C~iapter .

1 ,4.3 Eval u ati on (r i t e r i a  nd the C ho ic t ’ . The selection among all the

alternat ives was done jS inq a mult i - a t t r ibu te  evaluat ion method . The

evalua~ ion criteria can he qrouped Into the following categories:

• (1) Attrib utes of the military problem to be solved are :

criticality , magnitude , frequency, improvement potential ,
generality , future and aidabil ity .

I
_ _  

_ _ _ _ _
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( . ‘)  Attributes u f  the rt’sujr h effort requ i red are :

~vai la: i l i t , , transfer , leverage , r m sl , re’,ecm rch , ‘, u ; p u r t

a’ ~pt i-I  - - an  I tool s

At hr - 
~-u ’,a’ ’, of U-. a ’ so 1 ut ion - - ,- ‘ ,t t ” are : compat ¶ 

~ - i I i  t -, ,
a’! ‘ t’ a- t i , s a a 5 5  , a- ,-~ - t a h i  1 i t ,  , te a -  hro I o-: , and cost . 

i t  I ‘ .~ In - - a’ a ~ ~~ ‘ a ”  de ‘ I na— I In ha ph m’ 2 , a-, ‘~ 1 t ha-’ ~~t 1 UCS ~i 55 1 -p a’a-I

t . - t~~.- ii’ a ’ ’ ’ ’ r t  a ; ;  l i c a t i o n  j v a ’ , m -  a re -; , s - n ,

‘ a’ ~~~~~~ a - , ’ ~~~~~~~ s- ~~t I~ . m  ‘ a -  -m n ~ ,jr ’ a’a , a - ’~- -,1l t,,tion w l t h  a — ’ - I
a •ta -~, - ‘ - I . . t a - n . ‘ S i ! 1 a h i o n  ‘.‘ ~~~~~~~~~~ (~ A)  as the tar - ;a’’, d p ; i 1 c at 1~~n

,~ ~~~~ -~ 
a 

~~~
- 

~
- 

~ ,a - .  1 ; ~~‘ - - a ’ ’ a- I s a I SO a - S I  I mat ao l I ‘- ,t I the r ~ ~t’c I aol

- — : - “  - s’- - .-n - C - V . r~~u ‘ I ; s  - , ; ~~‘ r - m” a - I c rn ’ 11 ~~- - a i n - a - a - ’ - tj~ient a-~
I a~a ’ r e ; , I,- a ’ I I s - - , .’ - - ‘ a - ’ ~ -

- a - I - 
. - a t  1 a- .~

, - 
- men I ~~~ ste

S~ 1 4-I l 1 .-” i - s ”c  w - ’  - 
, .

~
a - - i~~’ . n aid 4 a-r 

~ - I i v i ~~~i - n  le ve l ~~
- ‘‘ ‘ C ”  ~ , was c ‘ - .‘ - ‘- ‘- s; .- . 1 ‘ m c  a-i pp  1 c m ’ on area ‘or furl her devel :wa -~-nI -

— 
‘ . - ‘_ • 

; - a ’ ~ - -
~ ‘ *‘ I ‘ . .- ‘- a -

‘ • 
- - I n” I , ‘ a- a - ,  f n’ is t m ; ro;-o s a ~

-m - ‘“, -a ’ , ‘ ‘ - I  a • i i ” -  ‘ I’ ’- dat -m ,i~~a-m i I a - i l  ia ’ ,m r-a - I 1 ye n I , a - ’  re jec t t hese

‘‘ ‘ r b , ’ . . ‘ “ I t ’ ’ O ” ’- ‘~~‘ - - . ‘ ~~ ‘ - s l a ’a-l ;a ’  I”~~~ a’n pv~~lu, i t i- ’n o ’ l a rge

I ~~
—,- ‘ in ’ - — r—,j ¶m

“e ‘a - a -t - - t ’ l . • , ‘ a c il .~-~’i ~
- -~ 

a - ’ ’ ,~~ -4 ’! ’ 1n~~~ c ’ r  aid i s

i a *~n .’ra ’ed e’a- er’ i a i l - ~ -
~~ 

aa- a ; - ~~ i ( i t ,  shosing ~~~w ~t can bc’ achieved .

ea- hn l ;~~e’.~ w~i i Pi have be”r used -.-u~~~e’.s ’-~ l 1 ,  in sir -- i l a rl y large and

~ - ‘r-~-. l e a  p r - hi eai ’  t . _ V a i a a - ,, , ar e ut ili zed to ;-er ’or”- both the rf’; resentat iofl

mal l ‘ :‘- r - ~a- ” s i ” - ;  if knowlr’ li.’ , ~ “e c y S l a ’ ~ c t rlj( lure , it s main —
‘ 

a a- r j V V V . ..

~mni t”~ process ing f 1~ w diagrams are expla ined in Thapt~ r 4.
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pit’ co4!çl ea-i, milit a ry knowledge base is represented as a im.iltl-

‘-1, ’ rj rc Pi~ a - i? um form.it Ion ‘~tructures . In each aspect of the military

sat uat ’L)n , ‘.ua ’~ a’ . terrain , wt- a-i pOtl s. ’~tems or deployment , the structure
t s  :a - .e.I on two b a s i a -  concepts: features arid classes. The observati.in

o’ “~~,t ’ 4 r, ’’ , (o r  ‘ ‘  I ’ ’ a l t - o n )  in the b~ttlc fi el d suggests the existence of

‘a - 
— • r,’ -.; - ,yij ¶ ‘ - ; c l - a - - s .

A - 
a-

’ t i  - •~~~ 
~ . ,~~. a  

• 
P - a ’ r a v ’~. ‘ i a-~ I • nec o ;n  it i - a - n  process is used

‘ -n t nt’ s I t, , , ,t ’ - a i  a - m ’ . ’,a ’ - . -,”-i’nt .il gorit’i-’ . Thi s ~l ’;orltP~” and i t s  processor

a ‘ ‘- ‘ - r-— -.,~ I a-n i r I. -raC ~ I ,a ’ a ~~~~~~ I ’ m  ~~~~ a - i f  i a- a -n  
• uses the m l Ii tary

s ’ . ~,I,- I a ’ a - ’- , and - ; . ‘ c m a ’ r ,i ’. a ’ - . and ‘—.aInt~~In - - a-m - n t  of temporary models of
‘ ‘- ‘ S 1t ,a- a~~i’ n . ‘h i ’ . - a ’ t  -~~~ tr ’ ;-- ra r , r~ aa-j ,. )

~, a ’, rxa- a -lIll ed su cces sivel y as
-
‘ ‘ a - ‘‘ ,I.ln ’’ - , ’ is  a - m v a i l .i a’ . ~~~ a ’ a- ’ la - ’,’ . i i v it ’  of the pr~~~e’ , -, Is to c)btalfl a

. 1 -  ;e , - ; i a - .mi , in t ”~~,- ah a ’ - J  anta ’ r; - r s - t at 1~a-n ca-f all t’~a’ ava il able data.

m’ a- ‘ a’ ~e ; r a - I a -  I p ’~ !, r v is  I’ ~ S i t  .4- I t i~~n as ci’s ‘.ment. The output of

5 ’  ‘~~4 a- i I iO i1  a s - , ’ - , - .” u’fl! ;‘rcx a’ - .’,- -a i’, ‘ a- r-a.a-.a~~~~,.d I - -, a s urr’ar,- generator
• I ~~~~~~~~~~ i ’ ’ I a - , v- I, I”-.’ In t a - l I i a -~a’”~~.~ ~c h I ~~ tp Report.

I” ’ - ‘ - l i  C I I  a t  ‘ ‘~
- a-i ’ ‘ n-~a~~ I a—I ; a ’  • a deta i l  a’tl methodology was

~s ’ • a I a- ,.’ t- , : a ’ ’  — - ‘ (1 - a ‘ ) . ha’ a ‘a- e - - ‘. I ‘. ; -.i t tern—d i rec ted and
5 m m — .’ a - :  • ‘i i”  I ra- - ; ‘ ‘ a- c 1 a - - - . — ‘‘~ a - i I  a- re re 1 a h i  on- , nec .’ ‘.a r v for the

- ‘- a- - . , ‘ . a ’ • - . ; . - r ’ 
~~

-, “a- ; , , m red to  ; - r o y l d e  patterns and
- --.i - .- - ‘ ; r - ~! i l i t  • - ‘‘ 0CC 4 r r a ’fl1 a’ r ~ ~~I ~a’ ‘-;‘ec rur-. of :‘n ,s I ble

s i t . a - m t I . ‘ - . in I’~ I - a l t  1 ,- f i e ld .  T~ e ~-l mc itat l c - n process proceeds j a .

‘ - . ‘ i ’ a -  - .ta~ es t’- - i t  are repealed a - i n t ’ l convergence is obtained . Stage I
I S  c i a c , ~‘,iraa-~~I a t r I : a - m I I a - r, , 55a-n r a’ a l l  t h e related c1.mc ’ - ea - are ident ified ;

~ or ‘- a-i al
. t he s’- t . ‘ ‘~I a - ~ni ’ia - a nt features are indicated together with

I’~.’ . l ; - : a - r ’~:~n i a t e  -, - -a- ”’- l ’t ’c a - n a l ; - r c a - 1 ’ a h i l i t~~. 5taq. ’  2 is c l a s s  d iffer en litton .
h.’ as .p e r t ’, are r e 1 ,4 e 5 1 e d  t o  l i s t the observable features tha t differentiate

- “ I ø- ’a” “~~ 
h p a i r o~ classes. Stage ~ is feature characterization . For

alac a i feature , all t ”-r’ classes for which ft was s ’ i a -’i n if i cant  are listed and
verified aqa’nst the previou s information given . The results of thic

1 
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t a -i re ,,’- stage process are then tested aga inst sor~ -recogn it ion cases and
the pra-)a a”S , ‘ , repeated unt il convergenc e occurs . Fi nall y, a top-level

a ‘ - t a ’~
” dt’’,l pi inteqrate’ the  it~~in f unct iona l ~or’;-urwnts in teniis of

5 Ir -jcIjr~ , “~iin ~ l a -~ua- ’mtPins . data u~t’d , output formats , and iv - termodule

ion .

I . - 
~
‘ ..~a-’~ ,u ’,a- a ’ :--- ‘,- I ~ ’~~ ’n Ia :  i ‘ a - I ,  a’ ia- l aata~ ,a’ - s - . - t ~ I ‘ : a - a t i a - / f l

To ,jrr I -, a’ at a rs ’ a ca - mri ,il’ ‘i c e- I l ri3te f I ‘a- a ’ r a a - ’ .ou rc a ’ ’ , needed to

In a a ’ I  a- ;— .ini ‘~ ;-i  ,‘---i’nI ¶ ‘ a - ,’ ~-r a - ; a -ca - ’.,’a- I - - , ~~~~ a-i review wa’. conducted ~ 1

t’ ,i’ , ’, i ’ a -  a no~~ls ’ I~~,’ I a - a s s ’ -
~~~. ‘.1 ta- ”- - ,~ A a-

~~~
-
~~~

a ~ - , a - c ’  a - a - f  ‘Iv,- -. 4a -.~~’ ‘-. a - ’.te ~” - ., with

- i t i o n c  In tam ’ van s- - I .ina- I a- ~‘~ ‘ l e,  fie ld s a’, n~t’dtt a- n,’, rm n e r al

a - , loration , .i ’-’ -~ na t , . ra I 1, i ’ a - - I , .a - ; s ’  ;- r a-~~~ ’ c -  m n 2  m a - a - . ‘- -a- I . ’  to e c t a l  ii ‘-~~ the
• ,‘ ,- I ‘ —- a- ‘- a r • ec I’ —-~i 1.’ o ‘ a - .- , ,~ N a - rc ’~~u i rt’cawn t ~ - T ~-e pa’ ’. a - a - f  i nforma t i c a- n  

-

“ a - • ‘ . a ’ I “a ‘a- I - ; - ‘i r a ’ .1 ~~~ ‘ r5 ’  : I ha’ a-ar ; u t er : -a -a -w~’ ~
‘ required , I ha-’ ar~ un t a - f

.‘‘ i a - s’ , - “ I , t a - a -’- - ‘ a : a - a-i l-~~~Ii . 0’ the ‘ isi a l  ‘a - , ’ ,t a’-”’ , the !‘f ’’.’.- a - ) f l ’- s ’ 1P~~, and
1’- .’ r’a - 4 ’ 0 ’ . a - . ’ n a -  s’ ‘ ~ -“ I  in- ,- - 1 ve-d ia-a - a’

~~~a- p a ’  ~a’ a- I. I .~a - - 4 a - ’ V t  1 “ -‘i I

I ra - a- il , ‘ l i , - - ,.‘ ‘a r Is ’o’ 1 ;e- - , ’ a -  a ’ s ’  s- I
, . . c m n - ;  a a- 1.- a- I t a - i t t ’~a- I ~~ 1f l ’a-~~~t a ~ ’~

a ~- i i  i a - I t  le l o l a - i  ~ • ca; ~t I - ‘ 0. a- ; - 
h a - ’  n a -  t r a-j~ lion s ;- -er ~.t1cond

- - ; . ‘t’ -I . a ’ ’ ”  11 - 41 ~ .- - ‘a - 11 ’  ~i ; m I ’ - t a ’ s o~ ‘~~~ ‘~~~a - r , and a fast d ’sb S,- s I(w ~’ .

‘a ’ -  p r a - a - -
~

a- ’ I” - a ‘ •‘~~ , ‘ — i l a -  - ,, - c t a -”— - ‘ a - ,’ ‘n. m r a - i I ’ a-jl ‘ ‘ a , - ’ .  ‘ ‘ a  - 
-
~~ - ‘ — ~~

a , a-~~~
. , a . . a ç ç a - -  - - • - ‘ 5 , ‘ ‘ a’’-

For t” . ‘ m u  ‘‘ el - l i l a - i n  ‘a - A ‘. ,- ‘ ,
~~~~

‘- - , i- i wa s  e s t i - ” ,ate l I’a I
a- -- ,~~~a’r wi t s  ~~~ W~ ’S ‘.N” a -l ,i r- i “

~~~ ‘~ 
r’l 1 i~ n bites of direc t rm’n~a - r ,-

~ , j  p-. ’ ali’~ ’.’~,’a-~ “ “ -a1~~c l c  5- a-’a~~ sbo~ n t h a t  a,’n 4 ra -a-1 1’~1~~~, when ‘ha- f i v e - y ~~r
cle a n i - i;w ’~ nt pr n- ; ra— ~ ~~i 11 t a - a ’ -p leted the s l ate 0f the art in c oriputer

1’a- ar,~ware technology w- ’ a - j l d  pr a- b’~~dP a l l t’-’e rxnputinq power sna-1 metix ry

,ip,ica ’ , t o  a” -a-ç 1 ee’s~ r.t  ca-id’ a ‘.-,S i”r ir a - a c r-a-pact aa ’illtari zpd enclosure .

The l~~ act o’ t n.’ proposed ‘, -
~c t ~~~ on ex isting or proposed ri li ta r y

C3 c-~~’-ut e r s ,-.t~m~ and Database t4~anaqe~ent syctei~ts was evaluated . ~i t~ in

1- 1R

____________ __________ ______________________________________________________________ ___________
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t ht ’ J eca - ” i t ra l  i :t- -I o r- .~un iza t ion  of the proposed TOS ‘.a ’ster m , the s i t ua t i on
.i’,’a-t ’’ - , ”~~ ”t t  

- . -,a - ’ . t t’ a ”  can I.~t’ mnt ,’a-lr ated with relatively little di ff iculty.
‘ ‘ a ’ ‘, i tj a t  i a- a - n a’,-,ta- a- ,-,’-~~ri ’. -.-y ’.tem contains an interna l genera l m il itar ,

k nowledge l a ’ .. ’ , A I t ’ l i’i th i s  knowle-dqe bast’ , there are a set of

.1. ’ - . - r I ILi rs I ha I ‘a - a - i r a-t a-, ten :. ‘ I h~’ content of ot ncr extern a l m i i i  tar 5 data

:a’.n’.. ~
hca-,,’ ext e—na l data bases (- .ua- ’a a’~ TACF :RI ) (ontam n the specific

a- Ia l~~ a l a - a - u t  t ’ a- .’ jrrent a -fl~ ~a - a - i , m ,~ s i t Uat  l a - a - f l , ~‘a- . ’ - ituation assessment systeel.

~~~~~a - ’ a- ‘ ‘ a -  ‘ ‘e m- I of - .o -
~~’ a - ; , ’ - I~~ IL ‘act , h i l l  ~

‘ a- ,-”~~late a s:a-ao if ~ query and

,,,a- 1 1 - en 1 i t  -. i - ~ ”’- the a- a - a - ’ a-p a -j t . - r  a- a-~~—r~~~ a a- I a -  ~ ion net~mjrk. T n.’ response wil l

l’t’ a-’a”a I • :.‘a - I a - i s a - a- I  integrated ‘ I - the S ‘a tuat ion ,‘a’.-,vssr- ’nt i a - i  a-, t urn. This

I . ;a - i a- - a- ’ - “ ; . ‘ a ’ ’ : a -t I i o n  ,, ll ‘i - - I  ‘ ‘‘ . . 4 1 ! s ’  - . Ia -~~- 1 i a - , t h i . ,rm O~ ¶~~. a -  c a - a - r a -t e ra- I a - a - i the

0l’ a ’ r  a-1,a ’ a- a I a ~~~~~ wi ’’ a ll t’~- cor~ 1a ’s I a - r a - a - t  lam’- ’ of ensurin g cons ‘ a s I a - n c  a

‘ a ’  I v a l i l i t ,  a- a- ’ Ia t ~~. II I~ ‘ a l so ‘ m a - a - I  ea-;’.- ’m ted to ia - lace a-i large deetand

a- a - s i  I ~ “ - i.”a-~ts t i r a - ;  r a ’ - , a - a - 4 r a -  ,‘ a - , in t n .  ea-tterna l C~ 
- - , ‘ h e r  because (a - f the

‘ a s ia - I ’  ;t’’a-o~~~. c ’,a a a - i — c ’ a la - u ,’ - a- ’ar-a-~
t
~~’ a ’ r  0’ l ’ s ’ ‘ . it ud t  i a - a - a t  ,‘a’ . a- a - 1 ’ ’ ,”1’)~’f l t  5” ’ ,t (~~a- ,

— 
~~~~~ - ‘ ‘ I uI ‘ ‘ ‘ - a ’

~~
‘ - 1 a - a- ra ’pa - ’ i -~ f a - l l o~~- , s ’ ’ .~ .a’vi t i a - ’ a l l  ¶a’a - a ’ tr~~a-;re’.’.~~on a - a - f  t ’ a- ’- proj ec t

‘ a - - c’a - - ..~
- m a  1 ‘a ; ,“,‘ 1 — 1

a- P-.’a;~~or ‘ prs ’ ’ a’
~~~

t ’. t ’a-a a- t ten -tat enent s , describe s the main

~~~~ dec i s m a - n  ; “ ‘ - ‘  ‘f a a- -
~~~~~~~~

m’ - - a -.i qrour in act ion , and l is ts w ith

j - s-a- 
~~~~~ i”- ,c ’ l ; t  i r a -  t~~s- ,, - - , ~

a- ra --’ala-l, ’ r  area ’. ident i f ied. Thp ~- a - ) t e n t  lal
‘ a ; ;  I’ a-i

’,i a- ri  areas ‘~~r c w a - p a - j t p r  a idin -i are listed in two groups: c rriand

; r a - 4 p  te a -  i s ’  a - r i ,  aids , a- ira - I coe uuter a id in g of tra in in g c-~-stj’ms . Finall y ,

l~~a’ CriI.’ rla t’- .a- i.’-i~~~ the appl m cat ion areas were evaluated to selec t the

ca-er ’  w i t ”  a a - i .~
p,,a- ..t —il m ta ry ;-‘a~ of f for fa-jrth~n development, ar e list d

‘a” I  .‘,pl a m c- ’apa-l

a-’baptr’r 3 presents a process anal ysis for the situation

assessi’*nt an d then lists and d is c uss es  regu irentents in the following areas:

- 
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(1) knowledge elicitation

(2) Knowledge representation

(3) SItuation assessmen t mechanisms

Chapter 4 gives the detail ed description of the SA system . The

structure and function of a situation assessment algorittvn is g iven , then

the knowledge representation techniques are discussed and a method for
el icitation of expert knowledge presented , The technical approach is

completed with a description of the top-level iv~dules , and their
structure and function in a stand-a lone situation assessment system .

Chapter S addres-.e--. the si-”-~~fic problems of resources and effort

needed in hardware/software and rmih i ta ry expert support to complete such

a ‘.ystem. It also addres-,es the problem of connecting the proposed

s v ’.tem to other e - . ’ a s t i n a - i  data bases , and a’ffectia- ,o’ly ut i liz ing the deta i led
i nformation the , contain .

Chapter 6 ~iva” , a det aila’ a-I five - -,-ear ;a-roqrarn plan for the

deve l opment of a situat ion as’,e’.’a- r~’n t dec ision aid derxrnstratlon system .

Appendi’ A a - 1 i s~~u’,sa’ s In,- q e n e ra l ’ az a b i l i t .a- of the d ’ i f f e re n

f u t a - c t i O f lS and algoritP’mts developed fir the si tuat i - i n assessment systeri’

to other i,i~ortant C3 system functions.

Fin ally , Appendi t B curr~ar -i zes the features of f’ve successfu l

APT-based systems . Thece are appli ed in medical and ra-mner a l exploration

problem d~ iaInc .

‘

I
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2. PROBLEM ANALYS IS

,~
‘. I Overview

To ident ’a f~ ways to Improve coninand group performance a better

understand ing of their function , both in actua l performance and in

train ing, must be attained. This chapter provides an overall model of

the cocinand group function , isolates specific key subtasks and su.i,narlzes

t’m e ’r eva l uation as potent ial applicat ion areas for APT . The important

~ubt~ ’,’ s wa’r ’ Identified through a literature survey and interviews

w ith -- i li t a r i and AR ! personnel at Fort Leaven~~rth , Kansas.

The application area s considered can be divided into ti~ genera l
;r a-~ups : (1) computer aiding for performance enhancement In the field~ 

a-

and ~~) computer aiding for tra ining improvement. In performance

enhancemen t , t ’-a- e computer can aid members of the group in performing

Ineir fun~~t ion , improve co.,rtjnicat’aon between members of the group.

‘-trove ava ila ~ ’al i t y and presentation of information to the coimnander

and a’ a-i h is decision ma king tacks. In the area of cormiand group training

t”e appli cat ion of APT can improve ‘ ‘ ‘ - a - ’ a - ‘ ‘ a , a - ’  “ 5 ’ , • Ii’ -a 1 ‘ a r i a - ’ . ’ . ‘ a s- i

,a- ’’ ic’era a - - v  of ‘ ‘ ‘ t a i l ’  i~~ a- , , .  ‘a-” • 1 , 1’ ,a ’  ‘ P ’ ’ a i ’ - i fl a-~ ~~a - ’’ a - I - - l a - -~~,a- ,

‘ a -  i ’  m ’ . l  ; - ‘ a ’ i ’ - ; a - ’  ,
~~. a - l , j ’a~~~ a - ’  ,‘ ; -  S a  • - • ~~~ - , ‘~~ - a-,~

Section a-
. S presents the evaluat ijn crite ria by which the highest

; a - a a a - m’f app ’I I .a tion area s were selected . The evaluation cr i ter ia and the
resu lts of the evaluation are given here onl y In sunmary. The riteria

a- a - a - in t’e cla s .ified frito three broad classes . 1) those related to the

‘ m i i i  tary problem , ‘a ’, ’, ’ .
S
~~ • , ,a- ‘

~~~,‘a -~ l i s a - S c  ~~~~~~ ava i l.’a t il it. -, of p r a - - ; ’ a a - r

t - 

s o l u t i o n  techniques; and 3) criteria related to the effectiveness and

a- 
0f transfer of these techniques to the military domain. Six

app l~ cation areas were lri$tiafl y selected and then the six were ‘-arrcuwed

2-1
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down to one “ana l selection . The choice applicat ion area Is a situation
assessment aid for a div ision level G2 officer .

2. 2 Bat tief m el d Management ç,~~je

The de’cision ma king process of a corinand group in battle may be

‘alewed as a c,’t li ca l process cor~,osed of fou r main phases, as shown In

~‘aqure .~- 1 (see also Anderson 1976). The four phases are largely
overlapping in any actua l situati on , t ’ a a - e .  a - i F , ’  t ’ - ,-  i’ a ’ ’ , a - a -  a- ‘- i t a - i l  i t ,  a - a - f

~‘iffe rent -er’t-,’r’. of the c orriand group, but they represent the essential
fun~t ‘a - in o# V ‘ ‘ - t s ’ a - a - -,j~ ‘ aS  - ‘ a  ra ’~~~la ’

.
‘
.~~~~. I ,oals arid l,,~t’c i f i a -. (~~a-~~e~~t i y e~~ . In the first phase , the overall

goals of the battle a-’a r ,’ detev,nine~ accord i ng to the r-is sion directives

r’aana -~ ’1 i --wii  f ra-j r: a’ m - ; ~~a’ r a - a- . h~’lons The coninander then translates these
.~ca -al s into a -Ia~ a -’ a i 1 ed ; a - r ’ ao rit v l is t  of specific objectives . For instance .
the overall goa l ~~~~~~ la-c the destruct ion of an enemy nilit ary force in the
aret . Ta-’.’ spec ? ’’a-, ~~~~~~~~~~~~~ ta- y WhI Ch this goa l n~~y be achieved inc l ude

~or a’sa -’ a~”j - l a - a~ ; (I) ~ u t  off the retreat ro-.jte ’- of the force; (‘a - ) destroy its
anti-airc raft wea;men t3) destro~ it ’, a i r support capab il ity; (4) push

it into a destruct ion zone; (5) destro ’. i t’ - tank force; and (6) destroy
i t’ . main ‘ a r a - ’,in t r . f a - rLe ,

2.a -’.2 Situation Reco ym ’ation and Assessnwnt. In Phase 11 . the situation
is recognized and assessed . The rN- ognItion aspect includes the

identification of the detailed components of the enemy configuration .
For example, what is the defense posture of the enemy forces , or w hit

are the -connecting routes of h1~ forces to his rear’ Once the var ious
ele’-’ar’ntc of the situat ion have been recognized, an integrated picture

must be composed which provides a goal-or iented assessment of the
situation . Phase II also inc l udes the determination of enemy goals,

2-2
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intentions , likely targets , and alternat ive courses of action .

Addit ional l y, identif ication of enemy vul n erabil itie s leads to the

determination of the best courses of action for the friendly forces.

.‘.2.3 Battle P1annin~. Phase III is the planning phase where

alternat ive a-, a- a- ’a urses of action are outlined , transformed into plans , a - ’ a ’ a - l

eval ,,4ate-d. a -  ‘ a ’  a- , ~~a - ’ - - ’a ’ a ’  • ‘a a- 5 a- ‘ s ’ 5 ’  ~!il i : ,’’~ t’’a,’ ,i ’.-i i l a - i l I.-

s ’s ’ ’ ,,a- a - 4 r a-  a ’ ’ a- ,i” i t a ,,, 
~~it,j it’ ’n opportunities , ‘ a ’ , chost’n for imp l ementation.

4 E ‘ a - C Ut  ~o”a and Mvi’ ‘a- tor1 n~ . The actual engagement i s  the

la -i st ‘s’a ’a ’ of t ’ a-~- c ,. 1~’ ( Pim a - ,,’ ) - It ‘a nvol vt- a-, p lan exe-cut ion and enemy

r.’a, t l  a - a 1 , ~ a - t h t a - mr - Ofl’~’a a-I group ri ’anltor ’ang ~a-ot h t h ’ a -  friend l y and the

a’n ,’a--’-’ . ~-e r f a - r —.an~ a , ani a-, -~ 1 ls ’&t i ’m- i i f a - ’a - ) r”1~ t ’ a O f l  about t’ ’’ outcome of the

ta-n ~a -~ea--a-4’n t

A ‘ a-i r a ’- , a-, o t a r aa -r ’ a -~,’a - ‘~~
- -a-~a-r t t ‘ .‘ s i t  u.~ t ion a, ‘a I ‘a - ,  - :  a- il ‘a - a- i

arm -.~ ’~1 . ~~
a- . a ’  a- ,;a’ a - Y i t  a ’ ans ”x4 ’a - t  be reconsider ed in l~~a-~bt of the new

citu a t ’ a-a- a - ” , ~ ‘m(a- ’,,~ ~~~‘a a -, P~ ‘a-avs ’ been a hieved are p li rmm nat ed from the list,

- ‘-~~~~‘ flew ‘ a’s ‘.‘a. “a - a , a ’ to I.- added , tha ’ rest are re- ,-val jated , ‘a ’

- 
, . ‘ - ‘ a  , — - -- I i  • - a - :  

~~~
- ‘  a - ‘ i.- a a - -  a- ‘a , a- a - -  a 

• ‘ a ’  a a- a - - ‘ -~ a ‘ - w - : ’ ’ ’ -  it i.’a ’ a - l
l i s a -, a- ’ ,

~~~
a - ‘a ’m c - ‘ a i~~~’ is it t,~1ned . T h i s  ‘ a s  Phase : In the subsequent

a- . .a - le, and ‘ a t  a- ‘ t ’ a ’ i u a s ,~ith  P’ ,’a ’..’ ~~, S it uat ion recognition and
a’. ,a ’- ,’,-’~4’nt , etc . t ‘ a ’ , worth not mn a - ’ a tha t for a c~’aven battle• 

‘‘ a • a ‘- all

‘ a i l s a - ’ a r a  ~~~~~~ l ’ a. r l y to i-a-c changed , although thi s is also poss ible,

p a r t i cu l a r l, after several cycles hate taken place arid the situation

‘~as cbar ;ed ‘sa -’ a g ni fican ” y .

T h i s  general , top-leve l view , may help in iso lating more specific

pote ntial decision aids for a c oninand group. The next section describe s
a list of potential applicat ion areas where the computer can be used to

— improve performance of key function s of a c onmiand group . Additionally,
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we will Indicate potential application in the domain of comand group

training.

2.3 ApplIcation Areas in Performance Support

2.3. 1 Overv Iew. The following Is a point-by-point discussion of a

detailed list of application areas in tactical decis ion making where

computer aid ing, supported by APT , will have a high payoff . Eac h

application area is a specific function tha t can potentially be aided .

The areas are categorized into three genera l gro.ips:

(1) Tactical - :ec ision aiding

(2) Information management

(3) Corri.,nication ~ontrol

The discuss ion will r~ a-r ’a t ion ke-~ issues and conrents given by mi li tar ,,

officers interview ed a - l u r i r l a - I  a visit to b ra-’ Leavenworth , kansas .

2.3.2 Tactica l Decision A iding . B at t l e  decision making inc l udes the

fo l lowing c orriander t a s k s :  (1) alternative fornxjlation ; (2) alternative

evaluation ; (3) alte rnat ive selection ; (4) battle plan generation ;

• (5) battlefield sirx jlat ’ao n; and (6’ resource allocation .

Alterna ti ve Formulati on . Thp first step in the planning phase

I’, the determinat ion , by the corimander , of the available alternatives

for action. Alt ernative fora-mjlatlon is a highl y creative process, It

requi res imagination to take advantage of all the peculiarities of ~he

given tactica l situat ion . Al ternative formulation was considered to be
of high Importance and a potential contributor for considerable

improvement in coninand performance. There are, however, grave

acceptability problems with an automatic alternative foruia’lator .
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Identif y ing the alternative courses of action in the battlefield is

considered the heart of the comand function and Is performed in a
h ia -~hl y personalized manner. Comanders are unlikely to delegate this
funi,,tion to an autoi~ tic , a- a - - ’ . ”a- ‘ a ’ t a - - a - u --~~~’av,- ~~ a- a - m : - ; a - -jt ,‘ r a - - . ‘ tt ’ m ’ , . a~ ra - a - ’ a a -~~

- . -

ta-n a-, problen ‘at was suyqested that a poss ible aid would give onl y

tentative recomendations or suggestion s to the comander , who would
“~ikt’ t ’ t’ f i na l  selection hinc ~’lf .

A~ t e r a - l a t  ‘ave [valu - i t a - - n . A n alternative evaluation sy ’a-tei -

,t nal :“ ,‘a ‘a - i a ’va luate “ a - ta -, ‘ a- Di a- i~~’a - I h~~t’ alt e rn ative us ing an exhaustive

set a- a - a- ‘a a i a - i a - I  a - ’ a l - i ’ ra  t ion~ l c ri ta a -r  ia - i  and ~~~~ id ~a-rr’a-en t a mean in q fu l

s 4 r . ’ a r , o •
- ‘- .‘ ra ’’a - u l t s  t a - a -  t ’ a’ COt!~~ à nder . P’- v c ’a - c a - l o g i i a l  researc h ta - a -’ a c~

a-,,ci ~ a a - a - ’ a t ;a’ a - ; a - l a’ a ’va l-_ i a - ’ a t a’ ata - ’ll f a - ’ a- r’ a ~‘a ra -’~le cr a - t e r ;oai , but aggregate

‘m a -  ra-’ , a-~l s  a- a- ’ r ’ a u l t ’ a : ’la- ~v- ’, t ’ - v ’ia a-t i  ,‘a ve ra u n s a t i ’ 4 a-t tor~ manner

~~~~~~ 
a’ , I ‘

~~~
‘ ; and i n ” a a - r’a- , 1 .1 4). This • 4flC ’ i (-fl was a- ca -n ’,i a - It ’ r,~I v e r ,-

i’ , - a- a- ’~~a-jc~ • a - ’ a a - -~’ n , ’ a t a - 1 a ’  ‘ , v ‘ a ,~~~~- ’ .a-’a~~ i a - a -a- a - , i~~
- - I ‘ a m a - t a - a - m t  a - ’ a l l  at a T’ ,’ a( e p t a t a - l e  to

A It a ’ r n a  a - v a ’ t i  a ’ ~~~t ’ a  - a -’- . ‘a- a - S  • 
~r t. a-in i~ the ‘ ‘ana l st ’a’;-’ in ~

‘
~~~~- i na -~

a-i - lea-., i S i  on: “-~~~~~
- - in ‘a t a a-,~ bes I a - i l  ternat ‘ave. ha - m a - ” ‘a-u tea ’ i a - a - fl & i a - :  1 ,a-

ii’feren i r a - i s a - a --a- n rul a ’ ’. and ; — “ ‘ ‘ - .a ’ n t  t ’ a ’ r’’’~~1ts ~~~~- ~ a-a - a c mv’ra-a nder for

‘ ‘f l u a - i: a -:~ a-’ca- -
~- ’ a l  a-a - d’’ a-i . proval , ‘a a-lr 4 5 a - ’ a ”~~~1’’ l l l R a .t r i - ,. a- a-a- a - m ’ a ( (~ , choice

- a -f  ‘- ‘a - ;“ -a ’ ’ , :. a’ x:’-e I • a - ’ a  a-ia a- a- ’ - 
-

Ba,t t _l e Plan ca’na’ r a-a- I ip_,’u . ‘— a- ‘a- a-’ - 1 a - a a -l’ ’ s ‘ a a - -  c-arr - .’a ‘ :a a- ‘ ‘. ‘ a ’  ‘- - u -

a- ’ l - ’ a ’~’ ‘ a l a - -, ‘ ,‘ a- ~_ i - a - n , -,,~~‘a- - ‘as ‘ - ‘  ‘ ‘ a t i S ~)O5’ i ‘ , a- ’ aC ’ ’a a - , ”a ’ ‘- a-i a- ’ , a - ’i’ . a - a- ’ , .

- ‘ a - f  t a -  .‘a~ ‘a a 
• CO~1’aa-Uf l ’ a ( d t i  a - I - i ns , wea;’on s-a- ’.ler- deployment , and support

rpqu irea—a - e nt ’, ‘ ‘ a a -~a - a -’ i~~ica t ions .  Th~ ~r’-~~a-~ t a ’ i ’ can a ’ a l  i a - a - presenting plan

-‘alternative s , in att endi ra- r’a Ira - the standard ra’ pr a - t i t i v e  detail s of complex
— pl ans , ‘ ‘ ,- a- i 

‘ 
a-i • i a - a -  - i  1 ‘ - a ’ ‘a ‘ a- .a ’  

~
a- ‘a ‘‘a 5 • a - ’ a a -  ‘ 

- - a a-~~- ’ , a - - a-~ - ‘a ‘a’- 1 ,’ - • ‘a

a- a - i l culà t iOnc . Here aga in a-’a , ca ’ ; ’ t a t- a- il it ,  problems ma~ ri se, but w i th
prope r design a • ‘ - - ‘ -  c - ~r - ’ a ’  I ’ - ’  ~~~~~ a -  -,- l  I.’ o va - ’  ‘ a l l  ~a - l ’ a ’  - ‘ a a - l  a - : a ’ a a - a a - l

directions and the computer w ifl develop the plans to the f l ,e  deta ils
requ i red,

- -—‘-- ~~~~~~- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —- - 
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Scenario Generation. Simu lation systems capable of realist ic
battlefield simul ation can enable the military analyst to explore

probable consequences of alternative courses of action , estimate enemy
reac tion , and test outcomes of planned engagements. The computer models
of the ba tt lt ’t ia ’ld must take into account interact ion s between military
forces , weapon svcte ’q ’- s , environmen t , weather, etc ., in order to estimate
I t ‘ a a -~ ,il enemy r eaa -.. t ‘ a u r a -  to a g iv e n  s ‘a tua t ion . Suc h a “ what if?”

ca pa t a - u l i t a  was ~un’a - ’ ad er ed  v a r , va1~~ t Ir’ for in~ rovemen t of c omander

‘a — i , ‘an a -,.

~“‘a - ( a -a - 4 r ’ * ’ All oca t a-on . ~hi5  is a r;j ca - r function which is part of

i i i  a-. - r.,anl ~r cma - 4 ; a -  t à a -a - 1 - s .  :t  deals w i t h  an e f f i c i e n t  a l loca t ion  of
I i ” i t a ’ i  r a ’ - n - a- - r , - - . to --aa-,r’,:r thrir ef f e ct iv e ne~ s in the b at t le .  Th is

a- ra-~ a-a la’ ‘a- , a-’ a ’~~’pa - ‘a others , I ‘‘e f o i l a - W I  f i a -  a- a-t’( ‘a I’ ‘a c t a ’ ,~ ‘ - : (1) all oc at ion

0~ a -j r  ~~.‘
,I;, a - n ‘ a- ‘ t a ~- - a- . (2) s- J;- ;~~rt  ‘‘a r t ’  al loc at a - m a - n and management,

( 3 ) I - ; a - s ’ ‘ a c~ 1,’a n n ’ a n  ‘ a ,  (4) tas’ f - a - r c a ’  ; - l a r a - n i n q , (a - - )  order of bat tle

rea - a- ’ ‘ i u a- ’ ‘ a l a -  - a-n , ,ia ’a .i - 
‘ -  ) a- - ‘rr’un i a - a - a l l  a-n ~ I ann ‘a f l a-

3.3 ~a-a - f~~~—’-. t  ‘a - - n  ‘a’ r a - a -  •‘ ‘~‘ , i r ;  and M~ na~~’ment . B a t t le f i e ld  informat ion

~‘an-u ;~~“i’n for I’ -~’ — a - a -rT ,,’a” a - l ‘ a r i a ; ’  and its ‘a n da - va - lu a l members inc’udes
• ‘a-” f a - 1  1 “ ‘a ‘—a in - - a- ’ - ;  ‘a -a ’ ’” - - : (1) eva l .aitio n ca-f incoming information ,
( , ‘~ 

s a - ’ ~ ,‘a i a- a - a ’ ~
a - aa - t , (1) t a a - t a ’ a- l a - a -- - --n of unusual events , ( 4 )  produc tion

a- ’ I ’ a a -- ; ’ 1a- i~~s c a - f i n f o r ma t ’a - a- n. and CS ) id enf i fication of areas of Insuffic ient

infi”at’-a - ,’at i~ n , ~~ a - ’ a a - ” - - f  t c a a -se r ura-;’a-onent s ca n be accor~ liched at different

t a - i t  l a ”,a-a ’ 1 a -~ bc r r ir .nta t ’ar ’ac’ a-a--a - f  an information management system should

i-a ’ - --.,,‘ard an i n t cq ra t ea - l  conceptua l picture of the situation rather than

—~‘ana - p a - ila ing the data in raw fo r,” , l u— u’ ,, functiona l systems discus.ed
-,“ ‘ma - ald ‘aa-r ’-a -v ide the conriander w a - t b  meaningful informat ia-un which he can use
di ra ’a - 1,. rather than j ust a retr ieval  of data as it was entered into a

data base.

_ _ _ _ _  
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[valuat ion of Incom ii~~~Information, This process is concerned

with quality, reliability , and accu racy of the source of a piece of

information while considering other supportive evidence for it , and

while chec i-ing its consistency with the currently assessed overall

,a - i ct ure of the ~a- attle situation . Such an aid w i ll process the incoming

a- information and wi l l  provide an estima te of the validit y and accurac y

of mes’,a -uia”,. -

S a- a-, ’ a , tt  ‘a )fl Asst’ya- .ment. T h is  pro a”a - s involves I ‘a - a ’ computer

;t’nt ’ r , t t l m , r’a 0? an op erat ion all- , evaluated suriodry a - i f  t ’a-a’ current situation .

Thi s calls for the integrat ion of ~ l l the detai led information available

into a- i coherent overall picture of the situation. The orientation of

‘.i~ a-, ” an a s ’~a’ - - ’,a-’x’ nt woula- i t a -a -’ to identif y the goals and current aims of

t a - a - a ’  enemy and to  i a-lent i ’, a- -p a ’ct’a- of the situation’ , that support or

cinder t a - a - a ’  atta inme nt of ta -a- a ’ fr ’a.’ra - a - fl -a- specific ot-a - j e c t i v a ’ - . . This

a - i s  ‘;rssment ~‘a so i ’  ,- I a - a - I , -  - the po’, i t  ion of friend l it and enemy forces , plus

1 a- a-)l ”~ a- a-l T ’ a ’ a - ) V’i between t a -ia~” a - u  t ’’ ,’r:’, a- a - f f a - r a ’  power , rx~t i 1 i t y , morale ,

rio t i va t  a -on , ‘ r i  m a -  a -a- ; • a-i a-a- I terra i a -a- - T a - a - , s i t  a- au I a - a - n  ,‘a’a- ’,a ’’ a- ’,ra-a’nt report

be ~rrsa-’nted at a u”fea-rt a - t I  le l~ vei of d etail and the coninander

be ahl a ’ t a -.a- -it ,ui n t a - a - a  ia’ ’,i l iS t a - r t a - u-; ’ an interactive exchange ‘an

st rict a -’ ii ta r- i  t .~a’r’’,.

‘ I’’ec t ion of La-’nu’-,ual [vr’n ts . This app l icat ion area deals wi th
the ear le a-I”tection of significa nt events Ir a - the hatt1o f~ aa- i a - l . Sia - Ini fi C anCe

is not always related to size or central it ,,’ of an event. Sometime ’,

su btle c’an ie- a- in •‘aa-aa- situat ion ra-a - 1a -a- lead to ver y significant chan a-i ra-.

later on. This ma,’ include ar’a unexpected opportunity caused h v  en~ ’iy

vulnerab i lit y , it may also be a negative clue which suddenl y ex poses a
frien dl y wan. ~~Ot , et c. An earl y ident i fi cat a -on of such unusual events 

a
is a ver, important aid for the busy connander who can hard l y attend to

the more urgent aspe ts of the battle.

- — -— -~~~~~~~~~~~-- 
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. i  a-a -i a - I a ,  r rua-i a- a- . t i - - a - , , I r a - a- ~ a; ‘a a- 1 ‘a ~ ~a- ta - a - a - i a -  ‘a ~ a-, u a - a -c ~ r’r a-a’d w i t a-a- t fit’

a- 
rt’ta-’ ’ a~’-~,iI -‘a ’ -~I d i’ a - ; ’ l a - ’ a, a - a - f t ,’a~ I a - c i t  i i . ?  na- t t ’ a o ’ a ,. 1’ta- ‘a’ , a- ’a’ ‘au ’ r ’r ” a a -a - r’a - a - t a - f

- - a - a -, ’ a - .  . t a - ’a- , ‘ a ’, t ? a - a ’  U a ’  a - f  ~ ‘; a - w a - ’ a - j a - ’ a a - -  ‘a s ,  a a - - , a - ’  ; -a - ’, c , ’ ; - t ’ a a - a - a -  t -  f t c  ii ‘ a t a - i t r

- , a - a - ’ J, , a - a - a - , a - a’ac ,- , ira- i L a”- - rt ’ !a - eu a - ’ ,’a - , - ’  ~ t a - a - I’ t ,Ict i (,i l ‘a’ ¶ a - - a - ”  a- i t i~~- a -~ ; - r a a - - ,t ’ u t a-’d

1 a -  c -~‘i , ’ aua - a -I,-r , T a - a - , -  ‘ ,, ‘, t a - ” a- , ia - I  ‘a - a - ’ a , r  a ‘ - i a - a - i r a- - a - a - f  - a - a - -, a - ” a - t u a -il l a - ~~a - l s

it ,-,‘ - i c ’  t a - a - a -’ a - n a  a- ‘ a l a - a - a - a  15 , ‘ a v a - i i l , t I l a ’ , It a-~ ,a - 1~ a- ‘ a - a - a - a - I  ‘a t ‘r - t - l’ a - , -

- : ,,, ‘ I a - - v a - ’  I . ‘a- a - -  a-s’~
’a- a -’ a a - a-~ a a- ’ ,.a - I ‘a 

a 
~~~~~ ‘a r t  a-, a - -  a- a a-’ - ’” I t i - a - ’, 0? 1 ‘a-a-

.a~ ’i ’ ’, 1 1 a- , ‘a ‘ a- a ’ a- - - , , ,—. a- :- a- ,‘a~~ I a ’  t C  ‘ - a - i i a - - ’’l , ‘a a- S I t a -  -
‘ 1 a’ ,a- t’ 1 a- a- a-

a- I t ,  i a- ‘ ‘ - - ‘ a- - ‘a- t ‘a ‘a I ,~, ‘a 1 a’ a- , ‘ a- a - ’  a- 1 - -  a- a- a ‘ a - i  L a -  11 a- a - a -  - t ‘ a - a - ‘a ‘ad i a- - - ‘a ‘ . , ‘ a- t a- .
A a- 1 1 1 a- ’ ,- a- , .  ‘ - a- a - -  a- a- a- a - , -  I

- a- ’ a- a- i a - a -  ‘ : - a- - ’ __a- ‘ a- - - ‘  - : a - -  a- -  a- a- ’ 
~ ‘ -  . I a- a-’ a- - a- a- ’ i a -  f a - i ” - a - t  I ‘a a - ’

a- ‘ ‘ ‘‘aL 01’ ; ‘,‘a- ,’ a- a- a-~~ i -i f - ‘, a - ,  • i i S  a- a- ‘ a - ’  ‘ pa- ’ ‘ - a- l ’ ’ ’ P a -  ,ua ’a ’

I ‘a ’  a - ‘ a ’ a , -, a - a - ;  a - a - ’ ’ ‘a - ‘ ‘‘  ‘a- 
• a- - - ‘~- - i a - a t  ‘ a ’ a - (, , ‘~, ‘ a- b’ a - S a- a - ’  . -  • 

-
~~ - a - - a -  i a ic - a - li V

a- ’ a - s _ I  a- ’ - - a - 5 ’ a - ’  - V, t a- a- - -  ‘
a- a’, ’ ‘- I -a - ’ ‘a- a - - ~- ; a - a - -  a- a - ’- a - a - a- - a ’ , a

a-;
~ a-, a- ‘ , a- Or , ,- , a-

’, a- a - -
~~ 

,.,a - -, a • 
i S a -  ‘a ‘a ‘a I a- 1~ - • a - ’ a aa -’I ~

, - - a- a- - a - :  - ‘a ’, ‘ -  ~- ‘ a -a  a- ’ a-

- a -  ‘ - ‘a- ’ - - a- ’ ia - o r ’  a-~ 
- a- ’ : ‘ -  : . ‘a- ; 5 a- a - a - I  ‘a - a- , a  a- 5 ’ ‘a ’ • ‘a ‘a 1 a- t a- ‘ 10 1 

a- a - a - n cc 1 Ia ’~~’ a- a - a - - ; a - a -’ - a-, - ~~ ‘ a - a-i - , c a- a -- - a- i a - a -  I I a ‘a a- a - a - ,  a - -  :a-  • a- l a  I

a - a - a -  a- ” it ‘a ‘ a - I . - , , ‘ -  -
- ‘a- a- ’ ‘_ ‘a - a - i ‘a - a -~ ’ ‘a • i - a -  col a- a- a - -a - ;  s o - a- a - -

a- 3, ‘a a’ ~ , ‘ a- ,, ‘a • ‘ ac -a- (,
~

a - a - a- ’ - ‘a - i  a- ’ I C - a - I  a- - ‘ a-’, a- a- i a - a - j - a-;’f’ a - i  a -a - a - I  “ar u ’a a - i a - -~

a - ;  C r’r’- ’ a ’ -  a- ;a - ,a -a -,’ ‘ a - - ’. “ ‘ a i a -~~a - r , ‘‘ ‘- ‘ ‘a- a- ’ , ‘ a- ,- a -’ c~
, . a - - : ’ - - ‘ a - - a- 5 - l l a - a - w i n a -;

a- !a- , ,., a - a - ’ a Ch c-i ’ Ia-.’ ‘ a - a- ‘_ ,‘‘ - l a- a - ’ a l i-, ~a- ‘ a a - I a ’a- , (1 - a- ‘ . i a -  ‘‘ a-~ ic ’ - n’a” i - a t i a - t a - ,

(~~
a - )  a - - f r——’ , ’ at a - - -  i t ta ’ a- - ’ a r -  ‘a , - ‘ a ’ - I  (~

) i a - a - ’ r’~ ‘ a l a - a -a - a - - ‘a - a-ic a - ’ ’-a - ”a-

“a- ’ - . ‘a ;’’ 
‘ - ‘asser ’a- ,- ’ at a- a- T ’ a - i~~ ~~‘a a - a- l 1’~’’ is ‘ ‘ a - -  ( l ’ a a ’a - - a - t t r aa ; ’,fe r of

,m”-’ - - I i f ’ a ’ ’ ;  -‘ . ‘ a ; - a- : a - - t ,~a- ’ ’ ’ r  - ‘ ‘ I a - a -  , ‘ a ’ a- 
p’i’c a- ’ )

~, ’ p ’ . ‘. - j ? a - ’” ) t i ’  i a - a -  t~- is

~ a ’ C  a- a- ‘a a- i a - t a- a- ’ “-i . a- ‘ r i a- ;’. ;.a- r ’ , ; - a - a -  a’a a - l i a-i I a- 1 ‘a I a- , ‘, a -~ ‘~‘I , 3 a - a - ,~ acc a - a - r a -~c

“•‘

~~~

a - a - ’ a

~~

” I’ ; a - ’ -’a ’, a- a- a- ’  “a - i ,  • i ’ a ’  ‘ a - l a - is a ’  w it ’a - a - n a c w1’r ,l r a-I ‘ ) r a - ) ’ a j~ a- , vert ic all ,

in 
~ 

a-a -’ a - a- - a- - ’ ’ ar- I e ipr a - ’ a r, b  , , - r a-’ . a - ,’ a- ,‘ca- r Ia 11 a- I a - ’  np ir ’a a- a - I a - a -~ r i n-’~ a - a - ?’ a -  t ‘a- , Th ~

a - . ; a ’ a - ’ i— - a-. ’ a - -- t - ’ a l T t ’ ” a- a -a - ,’a’~ 
-,a -a -a- ; -,~~ ~ a-”a - ’ ‘a’ - -ilU(’ a - ’ a a -a - -~ - ‘ t o r t  ial f ’ - r i mprovement

I - a r ; a - a - ; a a - !_ ‘ ai - a -’a - a - a - t , a-’a -u l - a -r’~’ at i r a- ’ I’’ t a - a - i s  a rea.

:i~ 
-

~~
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Informa t ion Hlterinj . Th ’a~ a- refers to a mechanism tha t unloads

irrelevant Information from the ana l y i t and channel’. to him onl y whd t he

wants to know and can use effective l . T ’ a - i~ is n a - a -a. t” , ’-,arv sinc e the

sheer volu ;a-’a-t’ of information that descends upon a c x’;’ura-a-I a - ’ a r a - a u~
a- i r i a - r v a ’a - t ” .

cont 1 nous lv i th ta-a-u devel opmeri t of ra - i  l a -  t a ry  t ,a’a-, ‘a- a - a - u i  ogy, T~;a’ ~ a- i t t - r i n g
!‘ai( a-, a -a - J a -~’ ‘a sm ‘,aa-o~ i-i Ime ‘- .j a-j o adapt i vt ’  t a - a -  t a a - a -~ f- una - t i a - a - a - a -  ana -l t a - a - a~ a- ‘ a- ’a r a - a - ; i n g  —

needs of an a nal ,’,t , and ‘ a- - r a - ,
~ a - a -, a - a - a -- , ’av e t a -  t a - - a - a - l a v a - I  of a - I t a - t a i l a - ,  t a -a- ’ waa - a-t ’,

at any ;‘aven t ime .

l a - a - f  - — a ’—’~’a I a- - - a -  a - i a -  ‘“i, n a- ,~ r ra’ a - a -I a -i aa - a -~ • a - I  ,a- a- a - ’  C 3 a - a - a -  a- ‘a a - ’ , a-~~’ - a ’ a - a -  I ‘ - ,

Ca-a-”i”,a - ’ an a- I ‘a r ’ a- .a - ;- a- a -- - I - a- - , - - a ’ ’ -  Ii. ~~I ,  I a -  t o  a - v a - a- p,’- a ’ l ’ w ’ I I 1 a  a - - a- a - a - o r v a - j i u ’ ’ a - a ’  of

a- a - a -~~a- a -a -” -a-a t a - a - n  • I ~
,, a- a- ; a- a - - . ‘ ‘ ‘ ‘ a - a ’  i a -a- ,‘a~~ . a - a - p t  r “ a- t  I na- i t a’ - a -  i a - a - f  ,a - r~ ,,’a I ion

c ,)ra-;a-ra’ ra - a - ’ a - a -’,i a - n : , a a- , —
~~’ a -  a - - i n ;  ( a - a - .’ t , ‘1 a - il , 1 a- ’ i ’) , and ‘‘ a - a - -  ‘ a ’ , 5 a- a - a -”a -- a - a- ’ a a-a - ’ a o n

;‘rt’ - ,a ’ r;tea - l a-,’ - ,~l I a -  ,~, a - ’ !a- , I’ ‘a- ’, a - ;
~~ a-r’a -al a- ‘a te, •‘aa - ra - a- j t a - a ’ - ,a- ’, i~ a - i a -~ i a - a - a - i

-
- a - S  I t ’ -” ’ s hould a-i ‘ a ;  I a- a- ’ a-’, - ‘- ‘- a- ’ a - i  I a . a-’a-’a~ a- ’ 10 1 a- a - a ’  ‘ a- ;‘ua- ‘a f ’ a a -  ,a- - a - - a -’ • I a - ’

fea t 4 r a ’ ’ , ( I a - a - ’  ; ‘‘ a- a - - I~ • ) , a - f  t a - ” “ a- ’- , - - a - i ’ a a - ’ , and t a - -  t a - - a ’  i a -  a - a - a - i - a - c s  o’ t a - -a- ’ -

ç i t j , j t ’ a  a-n . a- a-4 L ’ ’a , - ’ a  i li ’ a ’ ’ - ca - i a--a- I ’ - ~‘~~‘ a - a - a -~ I a d ’  ;r - ; a ’--’ v , -  l a - - a’ a- i” a -> u nt a - - f

in f a - r~rh’atio n ac ’ a -’ a l I a- - a - ;  a-
_ a . ’ ’ ’’ I a - - I  I a- I t a - a ’  ‘‘ aa ’a-’a-I a a’ ‘ t a - a- ’ ( a-)nJ ,, ia -a- ,i ‘ a a’uu;

a- — ‘a I ‘a -n ‘ 
“~~‘a-i - _ i t  ‘i a- a-a- i a--

The f a - 1 a- - A ’ a n - ;  is a ‘ a a - ’ i r t ’~~a - ’ a — ‘ a  a - - a - a -a - I  d a - ’,a- .j ’,sio ri a-
~

s;’a-’c ‘a f a - c a; I a - , ‘a ’ ‘a a - a - n  a - i ra- u - - a- ra- ‘ a- r’’a 1 ‘a tar a- na- i a - n a -  rig domain . Tha’

appl a - c a - i t t  r a-’a a-’ ’~ is can t a - ’ class ‘a lea - I ‘ a n t  a- a- t a- a - a - f a- a - l i  a-Ta- h ng I ~‘ a - a - cateqor i a - a - ’, :

(1) - it t lef ‘an -I -a -  “- .1 at a - -  r , a - ’ a a ; 1 (2) T r a  a- ~ a ’ a -~ Mon ‘a tor a - na -; , Tb~ t a-~
a-(, of

‘ra i n ia - ;  ‘a “nv ’a - r o n’a-’~”nt t a - a -  ~~~ 1 (fl a; a - ’ a li a-it  a - - - ’- a a - ’ - a - ’ a -- a r a- pertinent ‘a ’,

‘i a-a’-—’; Ii f a - p a - I  Ia- , • a - ’
~

a- A’ T5 ‘ a Inc’ .

p .4,? 8,attle fit’ l a-I ‘a - i ’ u l a t ’ ao n .  Thi s a ; ’ a 1 i c a t a -~ n a-i nca -i inc ludes the
simo la tion of the behavior of both fr i end la - and pnr’~r-~ ~ a-rcpc , the
environment , and the interact ion of all three in c ci-t’a - at. The major 

- - ,. , _ ,  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — a-a-,. — -~~~~~~
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~~
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‘ ‘ a-,,, ,.,, ,a - .  a-a-~ .*,a-a’~~~ -a-’

c omponent-, a r a - ’ : (I) subord i nate coriander functions, (
~
‘) environment ,

t a -a - a - a -a-va - a-a- act i a - a - a - a - a -,, and (4)  independen t human i n i t i a t i v e ,  Mos t  of these

a- ,a;a -’ a i l i tiu ’, i a-a- a-i battlefield s ’a r~~l~~t ’aon s,’’,tt a-u’ wera-a-a- Lo n’- ide red i ra-iportant

~ t a -a- a -’ interv a- ta-we d a - -a - a - i I i t a r ’ ,- ‘,a-a - ’r ’,oa-inel a- ta - i _ c a -a-pt the env iornni_t’nt simu lat ~on

pa- a- a - a - t a-a- A l ’ , t ’a -uu - ;a-’t t a - a- ta-u J S a - ra - a -pIt ’ ta -a - si ur t a -ru siriulator a- - n trol lers.
T a - a- a- - ca - a - v i ronme ra- I , ‘a - a - a - , .~a - -~- a - a - r  ‘as an a-’’, ’, a - ’a - a -t a - a l  and integ ra l art of the a-

- , a - --- u latio n of f i a - ’ a ” t  m g  forces and i t - . ir ”a a - a a-. on the ba ttl a - ’ should Ia - a,-

a - n t  a ’ ‘ar-a tea - I  a - a - a -t a - a - a-, ‘ a- a- a- a- - t a - - a - ’  -

- a - --a - -r ’ t a - n a l a - ’  a- ,‘a-a- -’ r-’,’a r a - a - l t ’ a -’ ‘a ,~a - a- a - I i a - a -a - i ’, . T a - ‘a a-, a- a - a - a -  ,‘ a - a - a -5 sia - a -~,slat a- a - a - ri of

I’ ’- ‘. a L ’ I L J l  : a ’ ’ - , ’ a , a- a - - a  a-~~~- a -
, - I ’  ,a - - 1  a - - a - - a - a -  a - I l ,   ~

‘ a - . ’ a ’ a - j a - ’ ’ ’ ,

a - i ’~a- l - i t - . ’r’ , Ia - ” a - - a - ’ , I a - ’ ’a , ’  ‘ a - ,- - a- ’ ; a - - a -  • a~~~ u a- ’ a a - a- in t a - - a - -  t a - t a- t a - c a - a -I I a-” a- ,,~~1 - r  of

S ‘a a-”a- a- a-i ’ a -’  I S - a - I  ,a - ra - 1 f a a - i t t ’ a- t a - ’ a r ’- t a - ’ a’ - ma - - c a t  t h a ’ , a -’ ~a ’ - a- a- ’, a I a- a - a - ’ tra a-nec c orriands.

a- : - . • a - . a- - - 
‘~~~~~

‘
~~~ 

i a - i  ‘ ‘ ‘ a ’ • . I a - ’ l  ‘ a ’  ‘a ~~,‘a ; a - I  a - l i l a -  a - a - f ‘ , a - a -  h 
~~,~~~‘ a- ’ - a- ,i’ a- i ’ ’ ’ a - a - ’(a-V(’ t a - a - a- ’

• ‘ - . a - 1 a- ‘a- a-” ‘ ‘- ‘-  -~ a- ’ a - a -  1 a -~ a- a- ia - a - i a-a - -; , - I •‘-  . a- ‘ - a- “a -; - , : v’ a’ -f ro~ 1 1 ‘a- ” a - a -  ‘- a - I d a- ’ a- , ’a

‘ a- ’- ‘a , a - ’’ ’’ ‘a a-r’~
’ ,a - a -’,,~ 

j a- ’ a- - a - ;  !‘!‘_i:)’ . ; a ’ a - ; a - ’, ’ ,- .
~ t a - a -  a - -,a-i ’ t a - I l ’ -  c r  ~a - ’ ’ a c a’ a - ( ’ f l  ; a - a- ’ a - a - t a - la - ’ a - a - - ’,

- ‘ a - c a - u  1 iii a- a- ,a- a- ‘ ‘ , o ’ s - a - I  ‘ a- ‘a a- 
‘a
’ a- - ‘ ‘ a t  ‘. • a - ’  ‘ a- - ’  - a - -  - ‘ a- ~ :. 1 .a- a- ‘ ‘a ,~ 

-a- -

a, ‘ ‘ a - ’ -  ., a- ,,~~
,’l  ~~~,

a- a - , ’ , ‘ a a - a ’ , , • a - ’ ‘a t~~ a - - a- a- ,a-,’

a a- - -a -  - • 
‘ a- a-, a-, a- a-’ra-j l .a I ‘a - a - I ‘a- a- - a- a -a - a- a- - a I a- I’ I’ ‘ ‘a- c 1 1 c a 1

- ‘  l, m - - a - ,’ l  ~‘ a - a ’ , f a - a- ’ a - , ’  - ‘ a ’  a’ ,’ ’ ;  ‘ . a ~~a- ‘a - a - a - a i r , m,’ ,i ’ ’ n ’a -~ , ar-d

‘n a- ’’ - tl a ‘ a- ‘ ‘ - -“.a- a-a -o ., , a a - r ’ . . a - . . ’a~~ 
‘ ‘.1  Ic t a - i a - ! ‘a , ii Ia-a ’ ’ a a 1 ’ r  Q~ ,a- n a -— ’a”~, f a - a - a ”a- a - a - ’,

a- 
‘a a - , , a- a - a -’ .- , ’ r a - ’ - a- a- a - a - ’ - , a - ’ ’ , t - a -  t a ’ ’ a ’ a r ,- , - ‘ a - a -. ~~~~~~~~ ~~a-~~ a- I a - a .  ;~~~a - a -,~~~~’a~~~~’a~~~~i ? , 

- a - f  en ’a - a ’ a - ’ a - n a - ;

‘ a ’ ’ a Ia - a- a- ‘a - ’ a - a - ”-a-’ ’, ,i, t a - - a ’ a- r~~a’; t a - i l  l ’ ’v - ’ - I , ~~i c a- ‘ a I a -~a~a-~a - i h ir ~h l a --

‘ _‘_ ‘; - a-’ ’ a a - ’t a - a - n t  t’’ s a - a -’ a- a - I ’ l a’ . “a’ f a - ’ ,‘ a -  va- i_ I a - a ’ ,,q ‘ a - i : ’ a t r a i r i r . ; aid a - a - a - a - a - I a - IS

‘a •‘ , ‘a - a- :  a- 1 i ‘ a- eva- ’ a- - a ’  a 1 c . a- a-’ a- - ‘ a ”.

J n d ’ a y j a - 1j a l I n i t i a i.e . j n c a - a - r ; a - a -- r , ’ tlcin of ind ividual i nit i ativ e

1” !  — ‘“ ‘a- c ‘“~ , l a - i t a- r a-a-a-a- 5 ca - a - a - a -s a- a-Ia ’ra ’a-i cri t ir ,a-’a 1 1 -a- ia - - a -l a - ca - r I a-a- a-a- I - It r e l a te’,

‘.‘a a - nI ~
- to  a - - ’ .1 - a’ -! ‘a ’ I ‘a a- i I •a ‘s ‘a , - ‘ a ’  ‘ I a -  ‘ , ‘ o ‘- a- ‘a ‘ a- . -  a- a 

‘a a- a- ’ ., a- a- , , a- a- a--

a ’ ’. -’a t - ’ a , ’ “ a - a -, ,‘aa - ’ i a - a - , , a- , a ’~~’ a ’ ;l ,. a - a - ’ a ç  ,‘a s O  ‘ a- I - . : -  ‘ ‘ a - a ” C’ . a - a  a C t , ’ ,  a - s t  a - a - a -.

La-’-

a-a - a - a-
‘

— -

ta-a-, -
‘5 —- - - --—- — ---- - — _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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0’ I’ a -’ ~~i , ’ a - a - , ita- a-j a- a - ’,, a - - a - a -,’a ’ - a- -~~a-r a- a - a - a -  ,i a - i ’  ( t a - a - t a - a -  a - ’ a a - a - ’ a - a - a -,- a-a- i a - a - i fr~ t’r a - t i a - )  ‘ , , a - a - h  ~i ’ a-

‘ a’ I a - ’ i I a - a -~a - ’ a - L a - , - a- ’ i l a - ’ , ‘a - s - I % a -- ,tI a- a- , t a - a- a - 1 a - ’ a a r a - 4, f a a - ’ ’ ,fl a a - a - ’ ’,’,, ca ’, a - ’ a - ,  and ‘si mi la r

a- ’;a -a - a - ’at,t era - sti c’. of the fiqPitinq men ,

,‘.1. -~ T rj ia - a - a - ’a a - !‘k)ra- a- tor~n,~, There are seve ra l levels at which the

I a ”.a - a - v a - a -a - r a - a - f  tnt’ tra i nee ca l l  ta-i’ monitored and the information used in the

I ra ‘a a- ’’;.; ‘a ra -,x a -’ - , ’, , T a - a - a - ’  fo i l  a-~~~ a - a - a - , ; a a-’a- ’j ‘. are ‘a- a-sa-~ ’ poa-a- s ‘abilities ‘an order
0, a - na -  ra’a’~~i ra - a-; C a - l” l a -l a’’ ‘a t , :  ( 1)  ‘~ a’ n ’a t a- a - a - s t o r i e s  logging . ( 2 )  behavior

I r a -  a- in ;,  (3 )  a - ’ a u t a - a - a -~~ ’ a t  ic ;-a- ’r f a - a -r ca - a - a - a - a- a -,’ , i ’ . ’ , t ’ S ’ a-flt ’n t , and (4) instructiona l

sI r . a- In ‘a ‘a a - ’ ’ . a - a - a - a ; t a - a - t i  a- a -a - a - . ‘ a -a- ’ ’ ’ - fou r h ’v a - ’ l ’ aa -  a - a - r ,  sequent ia l step s in the
I - a - a - I a- a - a - a -  a - a - f I a-- ’ ,’a a - a - a - i  a - a - ;  ‘ ,

~ -. a ’ a - ; t  ‘ ‘ ‘ ‘ ‘~~‘ a - ’ l a - ’ S a - a - _j,~~’a f lj .  a - a -- ’ ‘a - ’  ‘‘‘i”- ,-. .~~t I : a - ,’ , ,a- ’ t  ‘ a - s t  a - a - a - -

a- i ’;.! I’-.-;  ‘r ,a a - • - a- a ’ ,’’’i IS t ’ a- ,a - t  b,a-~~,’ occurred dur ’anq a training e~erc a-se
‘,a-’) • ,_ _ ‘ a t  i ‘a a - a - ’’ - ’ a ”  ‘a a - ’ , I a- a - ’ ’ . a - a - a - a - I a - a - ’ , i , a - ’ ,~~ ,red a- i t  a later t ime . Currentl y,

t a - a -  , ‘ t ~~~~’ , , ,- ’ ’ ,- - a ” ;  a- I ’ , on ’I a- ‘‘ - a - -  I a - a - ’ - a - a fac  t a -a - .  f~ more a-i-tvanccd capabfl ‘aty
ma- a - a - I a - I  a - ’ t a - a - a ’ a - a - a -’ -a- ’ IC ; a - a-~~’ a - ’ a- ’a~ i - a - a -  0’ ci ‘, a- a- a -”r’, a - i r a -  - a - f  t ’ a -~ 

a- , a - t a - j,i_ t ion and the

-i i a - ” a - a -a - a - ’ - ’ ’, ‘ a - — a- ’ occ , a- ’r a _ - a -~~, 
‘‘ a - ’, na -a- ’ , r . ’ ; a - a - r - t ” l a ”  a va’ r a - desirable

‘a ‘‘a a- ’ a - ’,o ’ e -a -’ a - ’ a -’ i _ a - -  ‘ ‘a - a -  a’~~’’ a- Ii va . r a - , ’ - .S of I a - a’ a- !pt ’r ’a a-’f a - a - a - ; wt - i_ i C a - - a - a- a-a - w- ’, after an
a - a - I a - :  - a- ’ ‘a ’ .’ a - a -a- I I - -  ‘a ‘ . ‘ “a- a- l it  a - a - n  a -  a ’  a’ - i 5’ ’ -

a - a - ” a - a - a -a - a -  - a ’ r , i c l j a - a - ; .  “ a - s  a’, f a r -  to  - a - a - a - — l i n e  a d a pt iv e  rlode h’a nQ of

tv - ’ a - a - a - a ’.’ I-or - a a- a - - a - n, — a- ’ , ~~
a- a-j i a - I  c a - a - a-’a~

a- In a - t a - ’ !  a - a - i  it’d evaluat ion of tra I nec

, .‘,‘‘ r— - .,’ana- aa - m-a- a - i 1 .  ‘a’a ’a-- f -r”i’-- ; a - a - i _~~ ~~~~~ 
a- a- .

~~~~ a- a- 
~~

a- a- a - a- a - r ’ a  ‘ a - ;  a - a - i~~ a -  I a -

‘a - a - a- ’’’ ‘“a ’ ‘‘a - a - a - v - u i - I a - ’ a- - a- f a - a ’a-dp l ” a - a -- I a ’ a - - a -’ ta” ’.t ’ . ‘a - s  not s t r i c t ly established , a-

1”” a- Ia;’ t ‘ave “-a - na - Ia - - I ca - a - a - -  then I a - a _ a -  a-a - m c i  1 a- :a -a-d , ‘a a- a - a - I the weal ‘.1 i l l  isolated

a - ff - a - n a - j ’ a n ;  ; r a ’ a - ’ a t  a - — ’ ; r - a - v a -’— ’w a - n t ’. in t r a i n a - r~~; effectiveness.

“a-at a-w’,a- ? a - a -  Per ’ca- ra--’aanc p A ’, ’,a’cs rien t . Automa t ic ;a-erfonn~nce
a- ; s n ’. ‘,‘a’wnt of the tra ‘a na-a-n b(’hav la - a - n  • a ’ ‘a - a -  , r- , .- a ’ a-a-~~~ a- a-’ - .1 it a - ’ !  - I n Ii va

-reasa-j ra’~~, m l .  considered ta -v the intervlc~~d mil itary personnel to Pa-ave a

la rge potential for ‘a ra-prover~ nt in tra ininq effectiveness .

2-12

— - ‘  ,~~~~~ . - - - ~~~~- — ~~~
— - ‘ 

-
~~~



~~~a- - - a- ’~~~~~~ a-’~~~~~f’~~J 

I a - a - s t ruc t io n al Strate,~jies Adap tj,on, Instructiona l - tratejies

‘a daptat ion allows automatic a- i*x l l f ic ata -on of’ scenarios and training
-~t r a t a - ’ ; ’ a a - ’ -  according to recognized weak spots in tra i nee performance,

Th ia - ) nigh leve l of a-.a - ’-.tecia- automation was , however , deemed unrea list ic

a-it th e current ~t~ te-of- t’a-t’ - -.ti’t ia - i tra ining , t’w (mry, and methodology.

a- Select ion Criter i a

Ia-n ’-, ‘-t’ a- t i - a - a - i de scri ta- .”, the a - p a c i f i c  criteria that were used to

ev alua ta ’ the cost- effa - ’ct ive na”,” of a developement effort to tran ’.fa-’r Ar

Ia - ’~ hf la - - ;u t a -5 to the r ” a - lm t , a -r~ domain . The situation assessment function was

f a - a u n a -I to he the area w ith the highest potent ial ;a-a a - o f f . The rema i nder of

t a - a - i s  report ‘ a ’, ~ a - I , ’ t a - a - ile d an a lv ’,’a ’. and a de’,~ ript ’ao n of a proposed des ’aa-;n
f ,)r a s i  l.a - a - a - a-, i a - i _ i a - c i ’,’.a ’’,’ - ”~ ’l’a- I “ a - a- I 

T a -a - a - ’ eva-I I ,a - , a - I a - a - n  ca -- a- ter a-a ca-a-n a- ’  a- ; roa - J ; ’ ,’a-! I nto t a -a -a - j  fol Iow a- r a - a - ’ a

a-, ,a- ‘a-’ ; a - a - r  ‘a n’- ‘a (1) at tn I’a-.a- ’,a’’, (a-f the na -i l a - t a r ,  ;- r o! a - ia ’-’ t a - a -  ta-c sol . ( ‘
ra’a-,eaa-’a- - ’ - “‘a- ; , a a- a-’ ,’’~~’ a ; t s , anti (3) aI’ ri t’ a-,a- t ,- ’, a - f  “a ba’ çol ,a- t i e a - a -. ~1t h cacti of

the ,t i f f, ’rent u tt n ’ a t  a - a - t a - ’’. , a-a- -
‘ - a l t  0’ a- a- ’ ’ ’ i. a- ‘ i — ; o  i a - a- a- 5S0C ’a - ’a’a-

a - a - Ø - ,a - a -  s c j 1 a ” . are u ” t ’a-I In nva )uat . t~ a-” ‘a a- t a - ’ a - ’ a t i~~l a - i ; - ; ’ ]  a - cation area ’- u si a - a - a - ;

a I a- nea r na-a-i l t I — a- a-_ f r  a - ’  - ‘ - -  ‘ . ‘ , a- . a- 0 ‘ a- — - a- ’’ ‘a , a- ’ ‘ ‘a - a-  a- ‘ 
a- a- , 1 ‘as

undesa- i r a-i l- le ~~“ ‘a 1” a- a- 0” 10 ‘a s in~ st  t a ’ ’ a - ra t- a - i ”, ‘a- a - ’  I ma- sca a- a - ’  p ra-a - v ide a

ca-’-’cle -mf-.a- ; P a - t a - a -a - q ”~
’ a - - ,’aa-’ a- cm” .

?. S.l T ha-a - W a - l i tan y Ia- rota- l a-a-n- ,

(1) Cr i t ’ a c ’ a l ’ a tj. How (rit i ca l Is t he  ia- rc’Hr” area I n  the p ra a - pa -”r

functa - a - n a - a - a -a-’; of the c orn_and ~jroup’

Scale I- l a -- .

(
~~ Ma2nltude . What is the extent ot military value tha t i a -a- at

‘a stake when specif ic problematic functions are performed

ft I ~~~~~~ 

?- l l

,a- ,,~~~. ~~~~~~~~ ‘ a- a-~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

nonopt  ‘a “ a - a - I l  ‘v - a- t a - a - a -’ ‘a’ a -a -c ’ it - a - a - r ’. of the c x’I’a - a - a - aa - ! group ?

a-a- le  1— l a - a -,

(3) a- a ’a - ’ a -~u t ’ a - a - a - , , , a - at I, c a - a - I s the pa -’a-~t a - I a --a- encountered a - a - a -  t ha-’

.aa -, l . a - a - a - ] ni_ i 1 a - t a r  a- t’iiv I ra, a- na -’~ ’ a - a t ‘

L a - a - It’ 1 ’ ,

(- I ) : a- ’ ,, ’’ a- ’a - a - t 
a- a - t a - ’la - t i i i . 

- a- ’ a - ’ ; - .i a- ’ ca-i t a - . a,,a,j a-’i’a - ’ a - a - t 1 t ’ v a - a - )  of
‘‘a - ’’ a-” a - i a - a -  - a ’ , a- -, a-~ ‘ a - a - a - a- ‘ a - a - a -a- ‘a a - a - f  , c- a - a - a ,. a ’  a - a - a -  t a - a - a - S  a - a - r a ’.t I

a ’ a-~ a - a - ’ a- I ~‘ a- t a - . a- - a - a - a - ’  ~ a- I a -  a Ii aa - ;~

a - t a - a - I t’ I —ta - ,

( 5)  a - , a ’ c ; , ’ a’ a - l i t , . :‘ ia - -  .~~
a - - , - ’  a - ’ - ‘a a- ~~~ a - a - ’ ” 15  S O l t ’ a - ’ a - I , ‘‘ a- a- m a - a - a -a-, ,’

a-’, a- 1 1 it - ‘ t a - a- I r a f ’ ’ , a- , . a - - ‘ a - a -  a- a -  ‘ ‘ ‘ a - i t ’ ’ 
- ot her c a - n a - i la - j r

“ ‘ a - l ’a ’ .’a a - - a- a- - a - I - I a ’ ” l • a - aa - a - ’ c’

‘ al . - I— ’

( ‘ a - )  ‘ ,‘ ,a -~~~a , ~ a- I ‘ ‘ - , a- - :  a- - ‘a ‘ a a ’ a - - ’ i a- l a - ’ - l  r a - - - - - h a - ’ a-I a - a ’ a ; a a - a - b  a - i t  a-’ - ,~

-~ a - a - a - t -  - - i ;  a- - ‘a - - I  fa -,a- ’ a-~~ - - .a- ‘ a- ;,’ , a ’ a - ’~~~ 
a - f  i’aa- i~ ‘ a l m a’ , Ia - -a ’ a - - l a - a - a - ; ,

a’ - - I ’ a a - ’  .a- • a- a- a - ’

‘a - , u l a - -  1 — 10,

( a -I)  ~‘
.; I a - : a - ’ a’~~, a-i a- ’ 5 1 ; a - a - ’a ’ i . a - i a - I  ‘a - ‘ a ’ ’  - t ’ . a - f  t a - - a -  

~~a-
,

a-
,
~p~~a - a -’,— be a - u id c ’ d  a-

- , a - a - ’  “ a -  ta’r a - a- , a - 1 a a- ’ a - a -~~~i 1  a - a -  a - a - -  Ia- a- a - a - ’  i a - a - ! a ’~~ciC t ‘ave ‘ . -
a- ’ a - t (~~~~ ?

a - a - i l . ’  1-5.

‘ a- , ‘ ‘a- a~se ar a-i ~,‘ i a - a- i a- ’ a ’’’-a - ’ f ’  -
‘

( 1 )  Av a a - 1 a t-- a - l i t ~~. “,iv a- a ppl icat a - l e !e b a a - i ’ ; u a - ’ s  been developed

and tested a - n othe r dca - raa ’a ns’ a- low a ppl a -m c ahle are they ’ 
a-

Scale a- - In ,

(2) Trans fer , What i ’~ l a - a-c extent of researc h effort necessary

to transfer the available technology into the m ilitary

domain’

Scale 1-1 ” ).

-l 4

— a-
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( 3 )  Levera,~~. Would the specific technology , after being

tra nsferred to the m i litary domain . be useful in other

mi l itary problem a-a- ” a-a- a-a- ?

a- t, a - i l a - ’  1.5,

( 4 )  ~~~~~~~~ a - a -o w certai n is the prospec t a - a - f f inding a - a - a - i ef fec t i ve
sol ut ion to t a - a -a - ’  probla -’ra-’

‘ - a - al e 1- 1 0.

5 1  ~ ,t ’ a- a- a- ’ , h . a - i a - ia - a - a ‘ia-,,j t,, ’ , a-ida- l i t  i a - a - i a - a - a -I a’ta - ’. a - ’ a-a - r a -  a- a-~ needed t a - a -  so lve
t a - a -a - a- - a-n’;’] ‘‘ a-

- a ’  ~‘a -’a - a -t I a-” a- (on t a - ;  of t a - a-c t ran’a-ferr a -a- a-l tec hnology )?

a - a -, ale a - - a- - ,

(t - ) a- a-u~~j a - a - a - t’t , ‘ ‘  a- ,, “ a - a - a- a- -‘- a - I i t , a - r y  ‘ a - 4 ’ ; a - c a - a -a i ’ , needed ~a - a - r tnt’
- t a - a-’ ’’I a- a- - t  a - a - ‘ a - ’ , - - - a - a - f ‘iii Ia - a - ia - - a- ’a-’’,oa-jra-,,’’,?

S c a l a - -  i- a- - .

‘) a- 
~

, a- a - a -’’ - : .‘a - r a - ’  a- a ;  a’rt ’- a v a i la t a - le a-.,a- a-c) m o w  how to  c o l a -a - a

pr - a -i ’ i c”-’ in the a-
~~

a-” a-’a in , are  theN’ .a - a -~ a- e;’-l a- a - a - i  na-a-’tP’a -ods . do the

a ’ a - ’ a a - a - ’ r’,’. “ a - a - a - a -’ a n art  i c u l a - a - t a l - 1 a --’ ‘a”Oa-, la - ’ l a - i _a - ’a - a - I  are T,hp’ a-- root ‘avated

to - - - a - : - :  - “ ‘. ~a- I a- ’-,a - ’ l a -ra-,a-”'p’nt a ’ f f - a -r( ?

‘ - a - - a - l a - ’  l a -S .

Ta - a - a - a - i ’. , .~ra - ’ I na - - re  a- ipp ra - a-Pr a - cite tool’- ci va ‘a lahi c t a - a - a -  use in
t a - a - ”  de v e l a - a - ;a - r ’t ’ a -a -t proce ’ a - s , ‘a . ”.., prograra-n_lnq lanquaqe~ .

-a - ; a - a - ’ r a t i n - ;  5 a - ’-te~~
’a- . u t a - l i t i a - ’ s, elicitat ion methods, etc.

a-
a-, ‘a le i — c .

2 .5 , 3 The Sa l - a - a t  ion S,j stem Cha- Irac t~ r Is t ic a -.

(1)  ~~~~~~~~~~~~ I a -a-a- t a - . -  SOl a! a - - a - t a -  - . a - ’~ ’
- a - - a - ’ . ‘ a - Ill 1 ’ -  w i _ l a - a -

,‘ , ‘a - c ’ ‘a’ - ; — r  p1 i _ a - a - ’ a - - a -~ C3 “ a -  a- . I a - ’ ’ ’ .

Scale 1-1 0,

(2) Efi Iveness. How iauc ta- can the particular solution be



-

~~~

- - - - -  -

~~

- a-

~~~~~~~~~~~~~~~~~~~~~~~~~~~

a-’xpe c ted t a - a -  I ‘ : ‘ a r, a - v t ’  a- a - a - i a - i a - a -a - ia - a - a -I a- roup performance?
a- a - a l t -  1-5 .

(
~ ) A a - a - t ’~ a -t a~~ a - 1 i t ,  - a - a - a - l i I a -t a - ’ a - a - a - d ing s-~’a-teni t a - c c icce~ t a l - i . ’  to

a - a - a - a -  a - m a ‘ a a - ’ a -’ - - i a - - a - a - a - t a - a - a - mi a- l ’ . t ’ ?

‘ L J i a - ’  1, a- ,,
,
~

) ~~~~~~~~~~ j,,,. s- t a - a -a - -  t a ’a - n n a - a - I a - a - - ; ,  a v a i  a - a - ’ a l a -~ ta - i a - a - ; - l e ’ a -  a - — a - a - I  tha - ’

‘a - a - a - i a - I  4 1 a -  a - a - a -  t a - a - a - ’  I i a - i a - i

‘ a- tI ’ ’ 1

a- - ~~
a- a - ’ a t  a- ‘a- t a - a - a a ’  t a - ’ ’ -, a- t a  1 a ’ a - - a - a -  a - a - c a -_ a- ’ a-’ a - a - a - ’ a U ’ a  a-’ cra-a - ’ v a - t  t a - a - a -’ l a - a - , ’

ira- ;a-~ ‘ ‘a - ’- a - - a - - ’ t ’ a- ‘ a - m a - ,t ‘‘ a- a - a - a - t a - a - a - a - a - c a -  a - ’  a - t  I a - a - a .  ,a - a -~~~’ a a - - a - ;  ‘ ,a - ’ t,’-a- ’- ’

a-
a - a -  a - i t ’  i - l a - ) .

a- , a- ’ ‘ ‘ i a - a - t a - a - i a - ’  ~~a ’ ’, , a - i ’, ’ ,

T ’ - , ’ a- a - - ,,a - ;a - a ‘a - -  ,a - - , - ,’ a a -. a- ,., a- a- , - . a - . a -  ‘ a - a- - i . I’ ’ - ii I (a- ‘a-
) 

a - t P i i a - a - a -t i a - - a - a -

l’ ’ - a - . a- - - a ’i a - - I i~ a - ’ ’  a - , t ’ a- C a - ’ ‘a ’ ‘a- i a -  , ‘ a- ’ ’ a a - a - l  a-, a - ’ a- . t i - l a - a - t a - ’’ - . ‘‘ a- ’ 5i ’

m a - a- - a - .  c ’ - ~
- -  ‘ :‘ ‘ a - a - ica - l c ‘ a - I ’ a a - ’ a -’ , ’ a I a -  ‘ a a - a - a - - a’ a - -  I ’ ,-

:~ .-r ~ a ’- ’ a-, ’ . a -~~
- # ‘ t a - a - a- a ’ a - ” ,’’

( 1 )  Si ’ a - a - ’ i “ ,i’, ’,r ’, a- ‘
a-

( a - - ’)  a - l a - l a -  a - a - a-

a- (3) - - a - ’  a - ri o ‘ia- ” ““ a - ’ a-

( “a )  “‘‘ - a- ‘l
.a - a ’  a - i ]oc a- ’ ‘ a - c-

a- a- a- a- a- - a- a- ‘‘a

(a-a - ) i ‘ ‘ ‘ ‘a a -  Li ‘a- - a- ! ‘ a t  i a - a -a-

a- - ) ‘ r a - a - a - a -’’’’ ira- -a- a - - i l  ra - ’

a- • ‘ . 1 a - a -, a - Ia - t a - il ! .‘a-~ a- ’ a ’ a - a -  I a - - m a’ - a - f  I “ - a -  va - a - lu’’ . we a - i ’ s  igned I a-a-

a -’ c r ’’ a - - a ’ a - . ’ a  ‘- r  a - a - - ’ 0 a- ‘a-’- a~ ~a- ’a a -  ,ia - - a- -l i cat a -o n i r a - - a - i ’- , , T a -a-ía- “ a-a -a -”

I - a - I - a - i ’, a - a- a-’.’ a-,’a- a-’,a- a -’ a-i
’ t a-at ’ P ‘a - t a - a - ’  ia - ’ a-~ it a - c C ia- a - a - r t a - a - a - i t c a - t a - a - a - t i _ O n  a - i S ’ a - t ’ a -a- ’ a - -”a - ( ’ a - a - t

- a- ”'-, I .a- ‘o I - -a a- ’ “ - a - i l  In,’ ~“ 
a- ’, I ‘a a - i _ a -  ‘a -~ c i a -  a- • a-, ‘-a- v a - a - r  , It was t a - a - a - a -  ‘~ Sc I ra -  ted

a - s ‘ a- a- - a - ’ a : i i, a- ’ i - - a-’a- - a - ’ ’ ’ -  -a n-a-a’s ’ a- , ’ a r  ‘a r i a - I . - ‘a - a - r  fa - a - a t ’a-a’r a - t a a-’ a iIa- , ’”,a”nI.

—

- 
--‘ ‘—~~~,,—‘-a- ’. .. - — - — - - —
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TA RL E ~~l ATTRIBUT E VAL UES FOR

POTENTIAL APP LICATION ARIAS

C,’ it a - ’ r i a- a- la - a - a - a - a - i a - ’  ( 1)  (2) (3) (4) (5) ( 6 )

(1) C r a - t a - a - a -i ‘ a t y  i — l U  g 8 (a- 7 5 5

(i’ ) M a - l a - f l i l u d t a -  1 — 1 0  10 7 7 3 S 6

( 3  ‘I r,’ a- ’ ua ’ na -. a- 1 - ‘a- S 1 3 4 3 3

(4 ) “ ;a - ra -a -a-a-a - a - ’ a - ’~~~n t  I - .1 4 ‘a- !a- 4 3

(‘a - )  “ enta - ra - a -l I I ,  1- 5 5 2 2 4 2 1

( a - )  a-’ u tu a - ’a’ 1- 10 I(’a- 8 a- - 10 (a- 8

:,a - ,a,a-a-~~a- l i t , 1 — 5  4 4 5 4 5 3

(8) a- a - a - a - ’ a I a -i t ’ i l i I a -  i a - b  7 R P, 4

(~~
) r ’ a 4 ’ ’ a -a a -r 1- 1 0 8 a-) a-

~ 7

( 1 0 )  , a ,a - ’ r ’  ‘a. ’ I — a- a- “ 3 4 3 1

(II) Q a - ’.~ 1- 10 4 8 8 8 6

(I, ’)  Pa- ” ’, e a a - -  i - a- a- 3 2 3 4 2 4

(1 ,3) - a - p~~O a - ’ ’ 1 a- — 4 3 4 2

( 1 1) H’a pr ’ ’a- i~~ ’ 4 2 4 5 3 1

( 1 5 ’ Tools ‘ a -~ Ca-a- c 3 3 2

C a - ’w” ’ a a - a-j t ii’ ‘a - l a - t  ,- 1— 10 7 ‘a-a- 4 6 Q 9

( 1’ )  t ’ ~~ fa a- ’ a -~~~~~~f l ( a 5 ç  1- 5 ‘a- 3 3 4 5 3

(15) a-~~; ’ a-i t ’ i l a - I~ 1 -~ 4 3 5 5 4

Technolo-; . la - a - S 5 5 4 4 5 4

(20) Cost l - lfl 3 4 3
T a -a-

~~~j 11 5 ~~
‘a- 108 0fa- 81

2- 1 ’

a- 

_ 
I

— “ - - “ “'“ ‘ ,,. a-., ,,,~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ 
—
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3. i I a - a - t a - a - a - i -a - a - a - t ion

S i t  ~a - a - t  t a- 011 a - a - ’ ,  ‘a - a - ’ ’~ ‘“a -a-~a -a - I a- s a a- or ;  - I (‘A a -a - a- a- c a-’ a- . a-. a - ta - v u 1 v ‘a ng many c i a - a - a - a - w a - a - a - I a -a-

, a - a - - .I i a - a - t a - v - a - a - a -  t i ,a - a - a - a -, .a - a -’xo a- ‘a t a - a ’  a - a - a - a - Ia-’ v a - t r a - a - ’ t  . of t a - a- itt le fiel d componenta-a- , A

I a - i a -’ ‘ a a- ’ a - a-~~a-’ -~ - a - ’~ a - I f  a - la - i t , ’ a a - t a -,’ ’ ’, . t a - ’ a - ’  i a - i a - i  a - a - a - Ia ’ a- l anti j ’.a ’a-l iii I l a - i  S irocess , a - ’a - a - ta - ’i~ a - a - I

t a -’ - ’ ’ ’ i ’ ; a - 1 a - c ’ a t l ,. t a-~ a- la - a - I a - t ” a - i ” ; h i a ’  t asa - ta - a - a -’ a-i a - O i 1’ ;a- i iia-Jca - ’ to ver bal i ,’c

a-i’ i-i , ‘ a ’ ’ i I  - - a - -a- It t a - a - a -a- a ’a ’ a- ’a ’ , a - a - a - a - a - a - ;  ‘a ‘ a a - r ( ) a - t’ ’ S  pa- a- a - C a -a- pa- a- l a - a -a-I ‘ a - a - ’  a - n the and y-a - i s of

a- ‘‘‘ ‘,t i i  ~~l I j a -t t i  - a - ’ , ‘1 t’ - -t’ a - a - t a - a -a - a  hand , a : a - a - i s ’ a C  a- ’a-’qua-r .a-ment f a ’a-x’- a -a - a - a - -a--

a- ‘ a - t a ’ I I a- ‘a’ ’ a - a - i, - -‘ a- a - ’  a- - a- I t’  t a - a - a -- iii a- I a - I a - a -a a- a-, a- a - a - a - a -  a - a - a -a- a- S a-i - a- ‘ ‘ t a a -a -”.a-a- I a - a -  a - a - i a - a - i

c I a - _ a - -  t a - a- a - i  r , ” a ” a - - - , a - ” , ’ a ’ ‘a - a - a -  o ’ “ a - l i l a - ta- , O - a - ~~ a - ’  ‘a t’ . T c a ’ t r a - a - n a -a- t t ’ r 01 ~a-iuw Iedge

f a - ’ a - ’ a a- a - ’ a  a - a -’ ’  ‘ a- - a-t a - ’  : a - - a - a - i  p. to - a a - a - a - ’ ; ’ - jt ‘‘a ’ a - ,~~~
’ a- -a - a - a - ’  ; a - a - ’ a -’ a ’ S a- t a - i a - ’ a -’a -’ f a - a - a - ’a a - , two

a- ’1 ‘ ‘a - ’ ’a ’ a - a- ‘, , ‘‘ a ’  ‘ a- ’ , ’ I a - a - -  i a - ’ . a ’ l a - a - ’ a a - a - ’~~ ’a -I , a- 4 a-a - a - a - a - a i f a - a - — a -- a- ,a- t ‘a a - a - - ’,t ru t a -a - a -’a to

a - -  a - a - a -  l ,a ’ ” t a - - a ’ ’ - ’  ‘a a - a - ’t ~~
a- a - a - a - a - a - a - a ] a - ’a - l  ; a - ’ , ‘ a -- a - - ’ , a - -

~ 
a -a- a-I ‘ a s  a - ta - a - a - I  ‘ a c i t a - it a - a - a - a  technique

‘ a - ’ ‘ ‘‘ a - a - ’ ’ ’ ’ l a - ’ ,a- a- i ’ a - i l i a- i a- ’ a i a - a -  - a - a - i a - ’ -l ;a - i a - a -,, a ’ . t a’ , ’ a a -, ted f a- ’a - a -” a - ’ a - ; - a a - a’’a- coni’a-ianders.

- a - ’ - a - a - I c  , ‘ a ’ a - - i  a -’ , j  ‘ a - a - ’  l a - a - t a  I a - a - ’ a ’, a - a - 5 .  f a-. o - a- r a- ’ , t ’ a - a ’  i a - a - f r a - ra-’ a- a- ’ a ! ion structure

I c - I a - ’ ’  a- ; r a - a ’ - i  a- ‘
~~ 

a- t a - a - a ’  a - a - I  a - c  ‘ I a - i t i a - a - a - a - a’a ’ a -~ a-a- a - a’a-’ r~ ’ a a - t ’, in ia - ia - a - a - a - I SO t a - a - a - a - I an

‘a ‘ a - a - I a-a-a- a- Ia - a - a - a -’ , a- a -a - u,’, I a t ; ’ -  ‘a ‘ a - a ’  ~ a- I i  a-’a-’s’r ‘ar

‘ a - ’
’ ’ a - a - i  ‘, C ’a l ~a- ’, ‘a -i a- ’’ “ a - l a - t a - a -a- ’ , I a - a -  a - a - a - i e dqe ‘ a - r t a - ’,’ ’ nt s  a - a - a - a - a- ; a - i a - a -  ; a - r o t - l a ’ a - ’ - a-

a-a-,, ’’’ - a -a- S I c  - ~
‘ a- ’ a -r ’ ’  l’ ’e a- a - a - I I’ ’t I  a- ’a - ’ a - ’ ’’Y a- a - ’ a- t r a -. a - a - a - a - a -a - a - -  a - a - ’ a’ a -  va- ’a -’ , ~ a - - m  rea l i aa -’a-~a- a - —

s - a- a - c  I- a -i t I I” - i f l  a-a- a- a- a - a -  ‘ ‘ ‘ a - a - a -  - a-i a- I a ’ a -~ Sta ’ a- ’’ . was a - l i  a - a - a - a- Ii y involved . .‘a- a
a- re - a - a - a -  it • ‘~ t a - i I l c I  a - ca l ~

a- a-~ t ’  
l a - a -  - i a - a - t a -i a - c not a-a-~~ a-’a a- 1 a - a - ’ l a - a - a- a nd Iha’ ra- ura- t a-e r of

a-)~~~~i a - a - ’a-’’. a - . i t a -~ a c t u a l l- a - a - t t l a : -  a a- a - ; a - a - ’ a ’ a - a - ’ n c , a-” ‘a - s  dec reas’ang. Thi s ‘anpi a - es that

ci a - ’a -’ ai i a - t a - i r , ~n- a - a - .1v1 - ’ a a -’ la ’,, ’ car ra ’ l -,- r a - r a - l y  to a 1 a- a-a- ’’ated extent on prev i ous

a - ’ p e r a -en a’ , ~a- ,a- I a-a -pr ~ a-~ a - l l  have to rrl~~ a- ’a- a-ten ca - ve i y on sub3ect ’ave and

judgmental anda-”rstan dinq of the ove rall doctrine of the opponent.

3. 2 Know l edie El icitation Peq,u ir~~~n t~

Knowledge el icitation is an essential part, and is of great

3-1

“T, ‘ “ .“ ,,, ‘ ‘ - 
~
‘ ‘ ‘

~~~~
‘
~~~~
“

_ _  
— -- - -a-——- 

--- - — - --‘ — ‘ 
~~~~

- -
~~



P
.’- ’- “‘  ‘ —‘--- ‘--.-. - ‘-

~~~~~

- -—-——--—---—- .“-- -‘,--

~~~~

-_—----- —a-

~~

— - - ’ - -” - -—--—’-a---—
~~ 

-
~~
-- -—“ ‘

~~

‘a-’

influence on , the success of a knowledge based system such as that which

the APT techniques produce, The requ i rements from a technique for

knowledge represt’ntation and a-~1 i c ’ a t a ta - o n inc l ude :

( 1)  Group e l ic i ta t ion
(2) Modu1ar it~ and efficien t Integrat ion

(3) L’ateraturr-a’a- ’,isted a-a - l ici t at i on

(.1) Cohesiveness and conc i seness of information r t a - quc ’ t s

(5) Attr act i vene ’a- ’a- to military per’,a - a -a - a - n a - ’ l

(h) Ease u ’ a - i ’ aa - da - tte

( a - )  Computation al effi cien c a-

(8) ~a-m sa - ’ 0’ i a ’, a - - r f a a - a - ’  w i t h  sa - t j a - a - t a - on assessment algo rit Pva -a-s

a - )  Adherence t a - i  a’a’ a- i l a - t y

a - ) roup i i c ’ a t a t i a - i a a -. T a - ’ avoid any persona l l a - a - a c, m a-stakes , or lac k

of b a a - a - a - m l a -’a- a-l ~
aa- o~ a ; a -  v a - a - a - a -  ~nd ’ a a-a - i  a-la - a - a - ti a- a- a- a-~~~ ’a- component a - f  the knowledge base

ra -wist : a - ’ p r - a - j, a - a - a - a - -i ~~~~ a a-ar’ of experts . t’a- r ’ a - a - a -p eli c i tat ion techniques , and

th e ir char acte r Ist ics a - a - ’ a - l  re lu ’a rer la -a - nt ’a- , have ka-en exten~ ’avel v discussed

a - n ta’ ,’ 1$ t , a - r a  ta -ira’ a- a ’ . ‘ a .  a- Hula-er ( 1  
-
~ ‘4 a- a - n- a- tone and Taroff (l~~75), Keeney

and R aa - ff a ( 1~~~7fa- ) and - a - a - i k e y  (1977). The a v a ’ al a t - l e techn i ques should be

ca - a - a - a - n a - a -a-I , and ; a - a - ’ r Pi a-i ’ a a - s  r’w’a - d a - fi ed, to cr . - a - a - t a - ’  a reliable and effic ient techn i que

f a- ’a - r  our •a - . a - ,’’a- a - ) ’ a-a- ’

Modu lara-tj  a ra- 1 Eff icient Inte Irata -ora -. Because of the versatile

aspects of the c~ ctpr knowledge base . Its a-”stablishment would requ ire

seve ral tea- ira-c o~ experts, each of wtilch excel s In one aspec t of the

battlef ield. It cannot he done by a s ’anq le team . This impl ies a modular

el ici tat ion approach by whi ch each team is assigned a module within the

framework of Its expertise. The approach must be systematic so tha t the

var iou s tcans can comunicate w ith  each other, It should also provide

efficient tools for integration of the modules Into one, and for confl i ct
resolution .

3-2
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L i terature-Assigned Elicitation. A gre~t dea l of the requ ired

knowledge base already exists explicit ly or Implicitly in textbooks ,

field manuals or computerized data bases . A few exar -~- 1 a - ’ a -. inc l ude th~ FM
30-10 for 9eographlcal analysis. FM 30-li for weather analys is , FM 30- 1 02

handbook on Agressor, the USAICS Handbook on the Soviet Ground Forces

(Sup R69720, August 1971), and the TOS computerized data-i base currentl y

under development. The elicitation techniques should make provisions for

util izing as much as possib le thi s kind of literature and ‘data bases , thus

saving dup licate efforts and accelerating the estab lispira-ent of a high

quality knowledge base.

Cohesivenets and C onc a - a -~a-encsc of In forma t ’aoa -a - ka-’a-~ ua-’st ’ - . The

cognitive processes by which experts provide subjective informat ion has

been thoroughly researched . “.a - ’ a .  , “ a- a - r I  a- ( 1  a- ’,’). c- a - a- w a - . l a - a - -- a-j-i a- ’t Pa - ( l a -~
’a - - )

and no concensus exists. It appears, however , that well-fornxjlated ,

cohesiv e and conci se informa tion request’. ,a-’a-u ca -H ’v produce more reliable

and accu rate ra - -su lt c . Al so, cohesive and a - a - a - va - a - a - a -a - a - ’ ra’ a-~ut’stS reduce the

amount of v a r i a : a - a - I i t ,  between experts , f ac a - la - t at a ’ and accela -’rate reaching

a concensus (a - f desired), and contr,~-a - i t a ’ to cno du l ar a -ta - .

A l t r c i c t a - -w- a - ’ra- a- ”, .  to M ila - ta r j Perca- ova - na~i , The cooperation of a - ’a - l a -tar y

e*;wrtc a - ,  a key issue f c a - a -’ succc’a-a - s fu l establ a-sP’wa-a-ent of a r ea l i a -, ta - and

Ca- )”a-pra-’ra- a- ’a - a-’ ,iv e know l t ’ a -l a - i a- ’ base. T a -ia - ’ elicitat ion process a - ’~a- , by its nature ,

a- a- 
a-i li” fl”ath y process that requires sig nific ant int ellectual efforts , Therefore ,

the rxi rp tha t a-~ done a - n the direction of facilitatin g the process, the

h’ a a - l he r  the chances are to a-~ a-’a - a - n  cooperation . A t yp i cal example would be a

set of computer program too ls  t a - a - a t  perr’it fl ex ible access to the know l edge

base for purposes of rcvia- ’~ and updat ing.

Eas , o f J ,,pd t,e. It Is very li ia - a - l v  that a high qu al ity knowledge

base will not emerge after the firs t round of sessions with experts . In

a-a- order to encompass the entire complexity of the situation assessment

-
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; v ’oa-t’- a- ’- , the knowledge base wil l  have to pass severa l “ i,~ne-u p” iterat ions

a - a - i wh ich e l t a- : ’a- t ’ nt s of t a - a-.’ knowledge ~a- a -t ’-a - a- w i l t  be modified or deleted , and
oth ers w a - I l  be added . Tr a - a - ’ knowledge ta- a - i a - a - ’  may also require modificat ion s
,ia -~a-’ to changes in , or better uriit ’r- -tand i nq of , the opponent ’s doctrine.

a- 
I a - a -  order to ‘a a - a --’rfov’i’ the’a-e a- a -ia - tn ;es frequentl ~- , tha -~ information str ua - t u re

- - t ; a - a ’o a -~ ia - ia -a- for eff icient a - t a - a - a - I  a-’ff a-’c t ‘ave updating of the system ~o~ l’~d~e------ —

la - a-I -a ’.

a- ) r a - p a - a - t a -iI a - -, a - a a -~~l [ ‘f  a - C a - a -a - a - i a - , .  t a - -1 ’ I t ; a - a - w l a ’ a - F ’ a a’ l a -a ’ . a - -  C a - i - I  a- t u t e a -a- t hy ’

a-,a - a - , 3 1  ~ , a - l a i I a- a - I  t a - a - a - ’ - ,- -~~~~~~
-‘ ,t ’’ ,l a - a -, •P’t ’a t4 a-~a - a - I l~ con sult ed . lvi  f a c t , al l  t a - a - a - ”

a- . a - S I ” ’  a - a - a -  a- a- ‘a- a- a- a - t a - ’, - a - a - i t t ’ r a - i r a -. ~ a- a - a -I • ‘ a - ’  I a - ;  - a-~~ 1 a- ’ a - l a - ’ a i ’  ~a- a-~ ‘ a - a - ’  - ha- a- re ora - , it is a-

“~ - a - a - t
~~ a- a- ’ a- a - c  • a- a-

~ ‘ a - I  ici t ,a  t a- a - a - a - a -  a-a -~ P’ ‘
~~~~

‘ to inc 1 a- ida’ ,t L a - i r a - U  ta t  ‘aonal lv
‘ - ‘I ic l a - a - n t  a’a- a-

~
- a- ’ .’- , a - ’ ’ I , a - l a- a- a - and s ’ a - a - a’ ,i a - a ’  a- a- a- a- a- I a ; a - a - r a -l t a - d a - a - a - ta - a - i a-,e. T a - a - i s  a - ’-,

I a - n t a-
~ ‘a - - a - ’, I a- l’4’a-~~ U a- ’ a - a - ’ , a -  a - a - a - a - - a - a -~; i~~ c a - a - i ,  a- derat a - a - i a - i- a- a- ~~~~ a l so  t a - a - a u a -~ o

a- ’ a -’  a- -~~~ ‘.tc • a- ’ - , ~-~a- 
~‘~a - a - -’st a - ; ia - ), a - ‘i’ .i ’ i a -  a - t t i  a - ’ , I ’  a - ’~~a - ’a~~ reference ?c a - the

• ‘ “ , i a - ’  I ‘‘ ‘ a - i . ’ ‘‘‘‘ ‘,.4 i a - a -’ ci a-_ a -  - a - a - a - i a - i a -  .ial t .1’ ’  a- a - 4 a - a- of t a - - a - ’ a- t a -a -  a ’ a - ’ ’ a - ’ - a -  • i . a- ‘ ‘ S a-

‘ a- a - -  j - , a - ’ a - ’ ~~~~~~ - Ia - - a - a -  s a - - ’, a - : i ,

a- a- - ‘ a- a- : a - ’ . a - a - —
~~~a - a - ,  a - ’  .-. ‘ t P ;  a- 

a- ’ a - t h an -~~
‘ , ‘ a - a - ’ ’. ’ . a - a - ’ f l ’ “a- I 1jora-tky”’a - ,  t’h a--

a- ’ a - . 1 a - ’~~~; a - ’ la-a .’ a - s i a - a - a - n ’.’ ;r~~ • a - a - a ’ a - ’  a- ” ” . - a- .t a- ” i a - - I a ’ f l i q e nc e .  T he

I a- - ’  t a - -a - , - - a- a- a ’ ‘‘r’ - “ a- ‘ s1 ,,,i Ii a- a -a - a - a - .  ‘ a - ’ ’~~ nI ci’, a - i re other a- orpca-nen t

~~ ‘ a- a - -  ‘ ;,. 
~ a - , a -- ~ a- ‘ a- . -  • n t a -~~1c d - ’ a a ’  l’- a - i a -. a - ’ , - a - a -” ~~1a’r1a ’flI h a - ’ ’ -~~~5 t a - ”  ‘a a - a - t a a - l  1 i~~a - ’ n a -  a - ’ .

,a- * a-’ a-
~~~a- ‘ a - a - I a - a -  ~ a- a- I - ‘ ‘ a - ’  * a-a-’ s a -~ a- - I a - - a - c -a- a - -  t a-,’(a- a- a-” : a - a - ’ a - ’ a - a -  • 15 a-a- fl i ripercit I ye 

-
~

“ I ’ a- a- ’~ a - t a -a- a - i ’  “- ‘-IC ’ , ‘ a - ’ I a - a - a - a -~~1 a - ’d - a - a - I -a - i a- a- a - ’ ‘an fnr~ at a- On s”a -o uld Ia-r r a ’ p ra - a - -. a - ’ nted

ia - a - -i ‘ a - , i a - a ’ ’  tl a- a- ’,’’a-i~ ’ l a ’  ‘ a - l a - ’  S ’a t ,4a - a - t ’ a O n  as ’a - e ’ -,cra -e nt a-i~~-’ia - a- a i t hra - ’, . - 
-

“a- I’  ‘ a - ’ a - ’ f l -  a - ’ a- “ C a - l i t  ‘ a- . !~Ca-: a-i uca -”  o’ the di f~ a- ( a - a - 1 t a - e s inheren t i~~

a- ’ a - -  t in a- -a- i ”a- i a - a -  rPa-I a- a-
~~fl a- I a - i n  ‘ a a - r~~( a - ’ a - S  a- adherence t o  real i t  - a- - must not he

S a - t a -  n a- a- . ‘- I a- n ‘‘iv a - r  of an e l e ga n t l4 ’ a- ( r i p t ion  of the pro ecs , no r to a
l ea -. a- ’ ’ a ; ’ i a-n , , bi~~ h a - s  too si mp l i st i c to be real.
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L 3 Situation Assessment Techniq~~s: __Re~u1rements Ana lysis

The technique s for interac tive computer-aided situation
a s a -- a - ’ s s i a -~~ r ’ a t  shou ld be optimall y designed to operate i n an adaptive

sequent ial manner a- a - a - a - a - i ch follows the three phase iterative description
; a - -~a-’n a - n a-a- a -t’ct a-on 4,2. An adaptive sequential technique offers the

! a - a - l I o~~ a - a ia -; adva n tages over ci - 1 a- a - i r a- I-wa -re d” algorithm , i .e., one w h ic h

,t l ’ ,., a - i, ’ a- ~~a - T  T o - a-a - a - s a ;a - ra - a - dt a - ta - ’a -’a - ’ a -a - a a - a - ’a - j ‘a - c t of actions ordered in a fixed sequence:

(1) I t is ca- i pa - i b l a -’ ot modify ing doctr inal templates to adapt
I, a- -,;a - a - - a -  a- a - a - c ’na -i ’at ion s a-a- . q. a- mob il ity constrain ts) that

: a - r a a - v a ’ a - a -I I” a- ’ ; a -
~~

a- a- a- fle a - a - ! f r om a-i~~a - p i  ~a -n g t a - a - a - a -  textbook doctrine ,

(
~~

) It .a- a - l a - ’ a -  t s a- r consideration o a i l i those al t ern a t iv a - ’ ’a- t hat

a - t a ‘ - - a - a- - a - a - a - t i  a- a - a - l a -a - v a -t a - i !

( 3) t ra - ’~ r ra -an :a ’ a- - the in ? a- rra-ci t ion rt ’quta- ’ - tS as ‘ a t  learn a- ‘a-or e

a - I -a - a - a - il a - a - a -a- a- r : - r a - ’ - .I a - a - t i V a - a -  a - a - a - a - t a -a - a la -  a- ’ in a a - a - i yen S i  tuat iora -.

( a - : ) :t  ~~. 
a - a - a - i -  rs ’ a - a - ; o” , ! i n a - a -  ra ’ l a - a - r ’ a - a - I a - a - a - - t  a - n a -I icat  i a - a - ’ ’  wh ich are a- ’a -ther

a - a’r a - ’la ’ -,- a - t a - a - t I l a - a- a - ’ ; a - v ’e ’ a- a - ’ a a - t s itu a t i on , or w b ’ a a - h  Conta in
a - r ’a- ’a -a ’-~~,,t a- a- a - n  ~ a a - i t  has already been conva - ’,a-ed I-v known ia - i da - ca t  i a - a - n c .

* (:a - )  :~ ~t a-~
- ’ a- ra- qu a - ’-~tia - i : m l - .rr’,atio n wh a- ’ r i sufficient evidence h~~

a-,

— I - a - a - a - a - -  c o l a - a -a - a -  t a - a - i  f o r  a fin a l dec ision , and not neces’a- av ’il y

when a a - a - a -’edcte rm ined l i st  O~ i” a- I i c a t a - c ’ n ’a- 15 exhausted .

(6)  it a - s  a b le ta-i address ~ pa- ’a - a-~~~i~~ requests of the user w th
‘

a- 
regard to  ver a - faa - m g  or de n,~~nq hypotheses concerning the

situa l a-On in certain battlefield aspects.

a- 
The a - a -  - ‘ i a - a - - a - - . for the adaptive situation assessment technique

1 
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are derived from two basic cr i teria.  First , in order for the system to

be practical , It must be able to perform adequately the assessment tasks

for real -l ife situat i ons . Second , the a1gor it~’wt’a must interact with the

user i a - a - a way which will rt ii nimize user rel uctancy to using the system .
T a - a - e ’ s t ’ two basic cra -teria , and the characteri stic’, of the situation anal ysis

I a - a - s I , aa -a- ’ trans ti ted into the follow~ng requ i rements:

( 1 )  ~a~a- a - l a - a - a - i i t i a - a -n a - a - t r a - a I a - t l i t y  in a hierarchical structure.

( ? )  q a - a - n a -,’ o a i t a l  and vert ical coninunication channels between

“~~- a - I,~ l a - ’ ’ , in t a - a - a - h a - erar a - hic al structure .

3’ ~a - a - - a - a - l -  a - l a - t a -  a - f  a- ia - ia - I l m a - a -  a - a - na - a - t a - a - t a - a - i  is tic events and produc ing
- ‘‘l( ~ i a - a - a - a - ’  w ith ‘ a - a - i _ a l  t a - a -  inty factor s,

( : ) a- - t ~~
- a - i :  t l a - t  a- o a - f t  It a - a - n a -  n - a - oa-i t a- i -a -a - a -lau s a - t a - I a - a -  s i t u a t io n s .  Such a

c.a- ;’a- a -~- i l  a- • a-.a - l l l  ra-”du , a’ the load f r a - a - r a -  t a a- a - Ca- )a- ’l’kinda-’r f a -
~~

a-

a- I a - a - a- l’a’ .i - - l a - a- a- ‘‘ a - -  a- a - a - i a - a - a - t a - a - ’ a -’ 0 ’ S i  t ui tions be a -a - a ’a- t (a- COni c ider as

fa ’ a- a - , a -  t i e .

C a :  a-a-~ l a -  • of a - r~~’ t ’ a -. ” . i a - i -  and ut ‘ a l a -  ing information a- i’ . soon

,a-~ i t  ia - a a- -a-c’,”’, ca-~~a-j a- la - a - I -ic . Ta -a - is i~ ia - a - coni’ ra-a- St to  proqnara-a- a-

t a -a - a - a - I a- ’ a - a -~~i y ’a - ’1 ,- control t a - - a ’  ia - - a - t a - a - i ra -a- a- ’ i ; a - a - a -  - ‘a- a-~ is a - ’  ion a- ro( e a -.’a-

and a- a- na ’ not a b l a - ’  t o  a - a - n a - a - a -  n a - s a-a- a - i a - I u t i l a - : e  information unless

a- a- a- s na- a -a - a - a - jo Ste 1 by a- la- a-C’ - T a -a - a -  c ca a - a - a - a - l a -  l i t  v a- s requ I red ‘a - a - c

two rca , a - a - a - ’ i r a - I , t a -a- a-’ a - i a -a - o r  must ‘a - a t  t a - a - a - ’  goals - not the

a- or-pa -i ! o r~ T he  a - a -na - a - a - a - r a - a -r: may t e of great a a - a - a - l p  ‘in suggest ‘a ng

‘joalc , hut the ul t i rsit a’a- dec is ion mu s t be made t’~ the user and

the proqra -a-ra- should he able to follow him , Sec ond , t a - a - a - a-

( ‘)a-Tl,lria-jer does not control all the infor fna ti (a-a-’a source’.

wh i b provide data relevant to b a - c  t a c k s , and u suall y the

inforr~a - t i o n  f low s in a pince-mea l manner ,

“'~~~“ “a-” k. ~~~~ ~~~~~~~~~~~~~~~~ ~ 
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(#a- ) cci ture -a - a -~
’ I t’a- t ion a - a - t a - a -a - i t ’  i l i t  a - a - a - s  by wh a - c Pa - the program ra- ’ oa -a -ra - ’a -ci 5

I vie a - a - a - ’ ~ I fea tuv a- ’’- ta - a - t a - a- ’ a - a - ! a -’,t’v ’ya- ’a-I a- b4 a -,t’a-l on cost — of  a - -a -. t i v a - ’va - a’ a- a- a-

ana l ’a- ”. a - ’,.

(1) Use r a - a - i r a - t r o T, At a-a - f l y  t a - a - - ; a - ’  of  the anal a - c a - ’,, t a -a - a - ’ ;a - r a - a - (a -rar mu’a - t 

a-

be - i a - a - lea ’ t a -a - a ful l contr ol of tna - ’ u~~a-’, . a- a - a - ’ ‘ a - a - ( a - a - J l d  I - a - a -  ,a- l - l a ’  to a-

i a - a - l a - - a -’ na - a - ;~ 
• I ha - - a ’ a- i( a-’ a - s  a - r i  t v a - a - a -  “‘ a- a-Ia-I l a - a -  of a-i t a-i a- - a- ,t a i - ,I to  e a -. a - ’ v ’ i ~e

a - a - - o t h e r  a - a - a - a - (  i a - a - a - a -. Li  a - ’~ isa - ’ • a- a - a ’  ‘a- a- iou 1 d l a -a - -  a - a - I - in to a - v e r a’ i a - I a’ ha-a-

c ‘a-~~;’u ten rv ’a- a-a- ”, ’~~~’a -- I a - a -  t a - a - a - v a -’, for a- ’ i t  a- a - a - - r f urt  her ‘a nf orma t ion

a - ia -, a- u a- S a- a- 1 - a - a l  a- a- 5 1! ,  ,sa - a - I I - a- a- a- a
_

a - - a- ca - ca - n a - t i  c a - a i

a-
~a- ) Ca - a - : - a- a- I it a- - a- a- a - a -  a- a -a - l — or i a - a - i a -! a - a - - I  a - a - a - a- , 1 a-

a- a- a- s - I t a -i a- . a - a -  a-ri— a-a-a a-i l a - a  w a- a - a -a - a - - - .

10 - a - a - a - -. .‘n I v’ ,a- t a - a - oa-i t a - a - a - .  a - ’ ’ :  l a - i  a’,, t a- a - a - a - a -  a - a - f  a- a - -- a - - na -  i Ii c a - a - a- - a- I a- a - ’  • a - cal

la - a - a - a -  I - a - - 
a- ~

a- a -a- a- a - a - a -  a - i a - i a - a - a - ’ ’  a-
~

a- a - a -  a-~~~ a-~ t a -n a- i t - I a -  t o  join l a - a- c a r i a - a - a - l a - a - a - -  on

l a -a- a - c a - a -
a - a I-a- a - a - a - a - !  a- a - a ’  a - t a - a - a - I  t a - a -  pa ’ , , a -  a- a - Ia - ’ a- a - ” ’  a - s i  t h  its v’a - ’ a - ; , l a - a -a ’ ~ a - E ’ a -;- la - l ” a - a - - nt

a - l e a -  1’, i a - a - a ’  a - a - i  ds

a - )  ,a- ;:a- a - a - I ’  a- 1 i t  a- a- ’ a - ’  a - ; ’  Ta  iii v-a-a - ; 10 ‘ a - -  a-a- l a - a - ’ r ca-ov a- ng ;a-rn a - ’ a -.s ca - f

a- : a - ’ t . a- ’ ,in a- a - i a-a -a - a -fl a - - t a - ” ra ’ ’ a- ; a - (a - n -.a ’ , t a - i a - a -  u a -,er ‘a- a - i ’ !

a - i ’’ a- a- a- ’ a ’ a - a - a - ’ - - t  I a - i t  l a - a- ’ ‘ a - - l a-”- a - - a - a - L a - i n  i t - - a - - if , Th ic

‘a - a - a-i
’ a- a - a - ’  a- ’ l a - a - a - a - I t ’ ’. P- na - ~- a- a- a - s a - a - a - a’ a- S i a - n a - a- a -C a - a -a- a - I f a - a -a -’ enhancing

• a- a- a- - a - -~ a - ’ : -  ‘a-a- I a- I a- ‘ a- - a- ! , a -a - a - -  ‘ a- i a - a- t a-br a-a- n .j I ‘a - a ’  C n p-a-I a - I a- l i t  a-a- a - a - f  a- I. ‘a-

a-’a- a- it a- a-jt. “ ‘ a . I ’, ‘,~~~ a~~ -ç~~a-~~a - ’ a- a - -  l a - a- - ‘ , a -a- a- - ’a- er’ ’ c re’, a - ’on ,o a- a - a - a ’, a -’ S to
a - ’  a -i a - a - ,‘a - - , , a - l  ‘ 0’ :a- ra-~ s te r a - na - j5 a - a - na - a - a -  (‘ ‘.5, a - ifl a - l a ls o be<:ause the

- a - a - ca- a - a - n a - a - v a - t i e  a v al a - d i t~ v a l u e  o~ each rec cjraia-i~ndata -ca - r a-

, a - a - p a -  a - l .a - i n c a -  w hat e v a - I r a -a-i a- o t a- r a -’ i a -l a - a -! it atoiu!

(l - i) a - a - a - a - a - l i l a -a- a- n ’ incorpo ra t i na -~ n e q a t a - v a - ’  a -n fa -a -a ”r’a -a tion a - a- well as

a - - a - -, a - t a -  ,- a - - a-nfor-a-a-’a-at ion .

( 1 1 )  a-’ a - a - : a - a - a- , ’ a J i t~~~ of o ’a -i n ’
~ w i t a - ’  changes ira - t he  cycte~1’a knowledge base

(1?’ Thpa bil it~ to handle a - v i a - c-’ anc j c t p nc ies  and even contradict ions

in a- a - a -’ a-a- va a- la b le a-Ida - ca - .
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4 ,(~u a - -~~i a -  A ’DV a-” t ’ a- a - ” ’ i ( ’~~ ~~
a - a -

~~~~
a - a -

a-~~~ a - a -~

4 a - ( , a - a -a- in,-,

a-’ a- 5 C a - a - a - a -a - a - l a - ’ ’  a- na - a - a- a- Ia- - . — 1 a’ t i  a - l a - ’ 5  a- n - a - a - a - I ,li’ ’~i a- ’ a- t ‘a a- - n’ , (a-f I a- a - a- a - 
a
-

l , a - ’a- iC - ‘ t a - a-a- a-i a - a - a - c, ” - ’ , ø~ a- a - a - ja -’~~a - a - l a - i L a - ra - •f l t  5 1 ! u a - i I i - - ” a - iS’,a - ’S- ,r4a-vit 5 a- ’,t a-’ a - ’ . ‘he

a- a- . a - a - -  ‘ a- • a’ - a- S a-I - - a- a-i ‘ ‘  a - ’ ,  I a- ra- - I a- a - ’ C r1 t a - - a -  a - a -  i l a - . ’~ r a - I a - a - a - l  a - a - a -  Ca -- a - a - r I  a - a -c a- ,

: is : - a - - a - ’ - .0’ 1 ‘ ‘ - a - a- “ a-_ a - i l  a- — ;  a- a- a-’ ; a- ‘ a - ’ , a-’ a-i III — ‘ a - t a - r I - a - - a -  a- ,~~ a - ;  -
~~~~ a - a - a- a- ’ ’, a- ,a - n - 1, ’, ’,- . a - f  a-~’a ’ i (Jfl

a - a - a -  a- - S  i a - a - a- I  a - c  a-a -”:-~a - !  a - t a - l a - ’  a - a - a - I a - -  a-’ a-~ C C - a - a- a’; ! S ’, c ’ u a - I a - a - a- a- 0 ’ m i l i t a r y  a - - a - :  a - -a - ’ ! - .

~a - - • i a - l .’~ ,! a - c c , a - 5 5 a - O n  ‘ a - ’ ‘a- ’ a- ’ ~ a- a - , 1 a - ’l  a ’ ,- a-
a - c i ’ .a- ’ ’  a- a t  a - a - a - . ’ ç  a - c ,  a - a - i c c

a- , -, ‘ - l a - a -a-I - a-’ • ‘a- - i : , ’~~ ’. - a-’ I a-a - a-a a- a-’ , a-. a - -  a- a - a - ’  I a- a-’ d ‘a- . - a- ” a -a - a - a ’ j ’ a ’ — !  S a - a -  a- - a - a - -a- a- a- a- a -a - I I

a - a - - a - . , .~~ l c a , ’ , . a - , a-,~ 
, . . ( a - a - .  ~~a- a-a - a -a-

’, 
‘ .

‘
) 

‘ a- , . 1 ’ - ’  dp , a - I - a- - a - a - -: a-.a - , a - --

a-,,, ‘c , a- • a- , , a- a - a - a - a - ” l a - a - a - —  ‘ 1 $ ,  S 5 ’ a - ’  , O ’ ’ a- a- ~a - ’  ‘ a - - a- a - ’ ’ , , , a - -  ‘ , ‘uc a-— a - a -

a- I a - a - I a- 0’’ a- ’ , - oS a- C a - v a -  1 ‘ a -  a-i a- a- I a- a- ‘a a- a- a- ‘ a - -  I , a - a- a- a- a’ -; a- a- a ’ ’  I - a t - nra-

, ‘ a- a- ’ I . ‘‘-- I a! a- • • a - a -~ ~~~~~,
‘ ‘ a- a- ’ a- a- a- C ’ a- I ‘ ,a- I • a- a- a- - -  a- 

a- a- 1 — ‘ . “ ‘ a - a -  a - a ’ a - a - a -  -‘ , - ‘a - a-

- 
a - -  a- a- I.- a- • , a- a - - ;  - - a - ’  - S a- ? —- .,a- ‘ a- a- a- a -’ a- t a — a- a- - ‘na -a - a- . a- • ‘a- ia- a- ,

a- ’ , ’? a- Ii’ ‘- a-’a - a -  : a - o ’ a - ’ a-a- a- a - a - a - a - - Il a - c  a - ’ -  - - a -  a -’ a- a- ,aa ’~~ ‘“ a - a - ‘a - ’ a - ’-nj ;,, a - ’

a - - - .’ a- , a a- - 
, ‘ ,

~
_a- •a- , • a - a - ’ , a - ’  a- a- a- ‘ . 

a- a- a - -  ‘( - ‘ a- a - - a - -- - ’ a- - , t ea--” a- , 
t a - - a- - a- a - - a- a- a

a-.. ’ ’ - ‘ ‘  a - ;- :’ l a - C a ’ a - ’ ’ ’ ’ ’  a ’ . ” - . - - a - I  . ! . a - a-~ a - a l  a- - a - a - - -, a - a -a- - , ‘ ‘ a- ’ 
• - ‘ l’ i’ ;- ’ ,’ ’  a- a - ”

a- a- - , ‘ - ‘ a a- , ’  a- a- 
‘ a - , ’ ’  a- a- ‘ , . a-’ , 0 • 

a- ‘0 ‘ a’ a - a -  a-.’ - a- a- ‘ a- ‘ ‘ a - ’  a- a- a - - - , - a- a- . ‘ a- 
- ii 1 a-

‘
a- ‘‘ -  

! a - a -  a- • a - a - ’  ‘ ‘ ‘ - a- a - - - ’ ’ a- a- ’ - a-a- a - a - ’ ‘ a- • a--a - i  “(a-a - ’a- a- a- - ‘ a- ’ a- a-”- a- a- a- ’ a-’ a r  • ‘- -a- a--

a- a- a- a!’a-(a- ‘ ‘ a- - a - ’  a-’ a- • a- a-’ a -_ a- -i-a- - - a- a - -  - ‘a- • a- - ‘ a- a- a -a- -‘ a- - - a - - a- a’ r a - a - ’ I a- a-- p a- - 
- a - - a-’- a-~

a - c a -’ -  “- a - a - ’’’ ~~, a-, a- a- ’ a- a-~~ - a- , a- a- •,~~~
a- - a- a- a - a - a-~

a-a- a- a - a - - a- a-’ • I ’ a - a - a -  • a- ’’ ’ a- ’ a- ,( ‘ a - a -  a- a - i a -a - a - ’ ’, ’ , 0 ’ ~ 4’a- - a - ç ’ ’ - - a - ’  ~~~~~~ I r a -  Ir ‘ a - ’ 1 ’

a- ’ ’ ’ ’ ’ ’ ’ ’ i - i , c i ’  a - a - ’ i a’ a - ’- a-- a - ’ c ’. ’ .- r ’ a - 5 ‘a - a-C ‘a - t a a - ”  t ” - a - ! ‘r’ i l i’ a-~~’a- í a - c a - a -a - I c

a - a  -‘ -‘- - a - a - ’  a- a- a- - r a - a - ’  a - a - ’  — ‘-  I a - a- - l a - a -  a- Ii~ a- 1 a r a - -  a- a-a- a- ( ‘a - a - a -a-. ‘ - a- - ~ a - ! a- a - a !  a- rn

a- a-a- c a -,.’ - - a - _ a - - . “‘
a - a - a -  

- .- a- Ppp- ”~ a - a - c  .a — a-
a- ’ a - .  r c a - a - a - a -c a - ba - ’ , a ’ l a a - a - ’ a ra- P - a - a - a -  a - a - I  ‘ f a - ( f l a - a - f l ’’ a - i a - f l

.‘ - a-a - a - ’ 5 ç ‘,- a-a- a - - a - t a - -  ‘ a - - a - -  c , a - a - ’  c a - a - ’  a - a - a- ’- a - a,c l l p c t a-a - rd  ‘ a - a - t n - a - r i t e  a ‘ a - ”! ca-~

‘‘“ I ’ n ; c  a ’- ’ ‘ ‘ - ‘ a- a- ‘ a - , (‘ n- a- ’ a- a r ’ s )  t a --, ~~~~~ t he  c a - I  , -a- ’ i a -’a- ra - a-a-,- a - ’ a - ( P’a- pv a - c~ s

‘ a - ’ .- a- : a - a - ,  ‘. a- -  a-- a - a -  ‘ ‘ ,a-’ - - a- • a’ a-a- a- ’ ‘ - a- a- a- a - a - ” 1 I . a’ a- ‘ a- a-’ ‘ ‘a - a- ’ ’  ç a- a- - a-’ a - a - -n a- a- a- a- a-i a - a -  a-a-

-a-a - - i
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‘~‘ a a - c ,a- a- ~n a-”any cases ta- inal dec isions cannot be made Iron raw data. Rather ,
r a - a - a - a -  a- l a - a - I a - a -  is used to recoqnize ba- as ic  ind icat ion s, wh ich , in turn , are used
t a - a -  r,’a- o-a -nl :e a - a - a - qh er level ~nd ic~ t a - o ra --a- , unt il a cora-prehena-,a - v e understand i ng

of l a - a - - opponent ’s a-o ur’ ,a - ’  of action is reached .

a- a- a - i -  la - ’~~a-’ l oa-a-r-’a- ’nt a- ’ font c’ an ‘ant e l i i  a - a - a - ’ a - a -~ Cor’a--uter- a-a i ded S I  tuat ion

a S  n’ a- ’ . a-” a- ’f l I  ‘a- - l e a - ’  • a’’, a - s i -a- a - a - ’ tw o  “ a - a - a - o r  I,a - a -, I c . ‘ a - a - , ’  • a - r’’,~ phase ‘ a s
a-, - n a - a - a - a -a- - I  w a - l a - ’  t a - a -a - • a- ’ l i c i t a t i o n  and ~ o ’ - a - a - ut a - a - r  v a - a - a -  a’a a - ’a - t a - nt~~t ii a - aa- of ‘a- ha-a-

a- ’ na- n ’ ’ , a- a- r , a- now 1 a-j a - I  a- • a- oa - - ‘a- it ud t a - o n  a - a - ’a- a- a-.~ ‘a- - a - a - a - a -I , ‘a- a- n p r ot a - 1 na-’ a- a- a- a-a- - P ‘ a- Ofl

c- a - fl! ,. - a - a - ’~ a- a-_ a’,’ a - a - a - a - a - a - n a - a - -  - a -a- ‘“a - a - ’ ‘a- a - t a - a -a - a - t i  a - a -  , a - a -.c t a - ’, ’ , ra- a -a - a - - ,t a - - r O t a - a - ’,’, a - n  a-i - , ,a - a -.te4”a - d t i c

a - a - a -  a- , ’ ra -~a- I a-i a- ’ a- a- a- - a - a - a- a - a - i a - • ~~~ a - C a - -  C an later a - a - a - ’ to- j - - ca-I I a- .a- a-’ -a-a- a- Pa-a n a- ‘,r-

a- - a- C - a - ’ ’, a -a- ’a- a - - a - — a - i a -  a-j i’ a - j  a - i a - a - a -  ‘ , “‘ •a - a- ’ I

“a h a a - a - ’- p a - l a ’ I : ’ -  t i - a - ’  a- I a - ’ a ’ a v e d  a - n t a - - a - . e i ’ a ( I t , t ! a - ( ’a - n : - a- c a - c a - ’ c c  is ~~
a- - a - a - v a - a -

• a- .’ ‘- a - a - n c a- ’ a -c : “ c - I  I ,‘~~ l - - ” a - c i ”  a t  ‘a- - a - a -a - a - I  - “ a- l a - t a r ,- a- a- a - I  ta- a-a- I a - i - n  as sessment) ,  I
- a - a - ’ ’ a - c I” ’’ a - a - a- n a - I a - a - a - i  a - a - a’ ! “,t ’ ’’ . ‘ - I i- ’ a- :a-r ‘-~~ ‘a- ’.a”a-” ’a -~ ‘!a-’ ‘a- ’a- , ’ l a -  ‘ a - a -~~

a-(’r ,

a- • 
~ ‘ a- a- a- l a - I  a- a- a - a -a --: “ a - a - a -’, -  I ‘ a- a - a - a - a - ’  I” - a -: a- a - I  a- l a - t a - a - ’ ’  , a- a- a - a’ ‘ c a - a - - 5 i  a - l n v’ a-a - ‘ a - c a - n  ‘a- a - a - u  i d a - n a -:

‘ “a - - - - ‘ a - a -’ a- ’ a - ’ ” ”  a- a- a - ’  a-a - a-a- a- I  l a - a - a - -  r a - ’ ’ a- ’ a -  a - ’ a a - a - ! a -’d t a- ’ a-’ a - a-)q up-, a- a - a ’ a- a -  d aa - a- c a - i t - n a - I  in

S a- ’ a- a - ”  ‘ .8 ‘- ‘‘ ‘ a  ‘“ a-’ c, ’a - ! a - ’ a -  a - a - -’ ’  a- ’~~ a - 1 q~~r t ~ r’a-, a - i r a - a -  d e c c r a - b a - ” a - I, —

a- - a - a -  ca” a- ’- a - ’-I I a -~~ ‘ a - a - a - i s  . ,a -! , a - a - ‘‘ a-’ i C I , a - - i ’ ‘‘- ‘ a - : ’- ‘ a -  the ‘, a - t u d t a - c - a - a -  a-

a - - a - - a- ’- 
- -

~~
a-
~~

’ a- ‘~~ a- ’ a - a -  i~~-,a- a - a -’ ! a - a - - ,.  a - a - , a - ”  a -’a - a - -~~ ’ a - a - ’  ab a - a - a- - ‘ a t  a - S  a- a - - Pa - I , 
a- ca- t a - c a - n c

- 
“ , 

- a - a - a - a - ’  - ‘ ‘- a - , - a - ’ , ’ - I ia - i l a- a - a - - ’ ’ ’  - a - - , a - a -  -: , ‘ , a-~~ i a - l a -  ta - a - a - ’ a -I a - I a - i I ’d

n a - - a -a- a - a -  ‘ ‘ a -’ ’ ’,, - - l_ ior a - . - p a - a - a - : - ’., I a - - a - - , a - a- a - a -  ‘ ‘ a - ” ’, l a - - ’ , ‘‘ a-

a- a - - a - na- ’ — a - l i t , a a - , a - ’  a-~~ 1 a - - a- ; a - -  a - a ’ - ’ , ‘ - ‘ ‘ a - ’ a - a - a - v .  .: ,~~a- ‘- a-ia - a -~..’a- ba - a -a - ,

‘ ‘ a - . ’ , a- I a - ’a- a- ’ . , a - I “
‘ c- a-’ I_ a - a. ’ t a - ’ ‘ ha-” , a- a - a - a - ’ i l l ’ a- a - a - ! -  a— a- a- a -

a- a-- a - a - a  ,a - ’ - c O c ’ a a t a ’ a - a -  a - i t a - ’ a -  a-
a-a- ,., ‘ ll  a - . -  a’ a - ’ a - a’ a - ’ ’ - a - ’ ’  ‘ a- a - ’  ‘i-’ r a - ’ a - a- ) l a - ,  ‘ a- c r ’  r a - a- , ?  a- a - a -  the b a - a - a - I c r  a - I a - a - a - C r i t ’)eS the

-: a- , t a - a -- a - ’  ‘ a - a - ’ i a - - v a -’ , , s ’a- ’” l~ l a - ’ -~~~’
a-,!e’ a - i a - la- i a’a-’ a - c given , and

• 
‘ a- a - ’  , a- ia - a- S a-a- r - a - ” - de ’ a-a- i l e t  a - ia - ’  ‘. r ’ a  a- a- a- - ‘ ,- - pa -a- a- a - a - ¶ub- ‘a - a - ’.! a--a -” 

- s func ta -on

- a - n a- i  a - a - a - a - a -  - a - - l a v a - I ,.
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“a - i ! a -,a- a - a - t iOn Assessment -— “ ha-- Ba si c Process

~ 1 t a - a - a - i I i O n dS5essmef l t  a - s techna - c a - i l l, v iewed her,’ a sa r a - a - u l t i -

a - - a - a - ’’ ’; ta- LI  a - y e  b a - t ’ na- a - a - a- P’ a - c a l  ra - ’L O q r a - I t i a -a- n ; a ’ra- a - a -ss . ‘ha-a- process cyc les
I a - -

~~
’ a- -~~~~~

a - a - ’  t a -’ r a - - a - a- - a - i a - a -  a-hases Phase : da - a - a - a -. t a --a - ’  a - nte rp ret~ t ion  and

ir ’ t v’ a-;r a - t t a - , - a - ’. ~ i a - i ’ a -a ”’ a-a ! a - o n ’ a , ~
a
-h a - t ’a - t ’ :: is concerned ~ a - th selection of

a- ,a- a - I a -  a- I a- a -’ ,a- I a - a - ’’ a - a -  a” a - a l  ion I c f l ea- a ’ ’ , ’ a - a - % c ’ ~ a - a - a - a - I  a-, “ a -  ( Pa- a- the best
a- a-’ a- (‘a - ? a-” a-a - a - a -  a - a -a- -

‘ 
- - a- “ ‘a- a - ’ t a - a -  v a - n - a - - I a - a -  • t o  a - a - i  a- a - u a- re ‘ a t  - p a - a -  s i s rec~u a- red a - c a -  case

I a - a - a - ’  a - a - - a  a- 
- 

‘a- I a - ’  a - n a- a- a a-” ,a- I a- - a - -  a- a-. a - a - a - a -  a- a - a - r - a - a -  t a - - I a - ’  a - v  a- a- , i a - c ’, u ’ a- a - i a-e nt for a r~ 1 i at-ale

- a ’ ’ a - ’ ’, -  a - a - ” ’ . ‘ -  a- a - a -  ‘ , a -h ,- a- a- a - .  la - a - ’a- ’ a - a - a - ’’, 0 4 I a - a - a - ’ S a - t u a - i t i c a - r a -  assessment
“ a- a- a - ’ ” ,i a- a- ’ “a - a -  i a - a - a  a- .‘a ’ a - I  a- a-  a- a-I a - - r a - - ’, v ’ c a -  ¶~~a-~ IC I a - a - a - ’  u ’ , a - a -  r

‘ a- a - -  : ‘a- a I - a - I ’  - “ — a - :  , ‘- a - a - I  I a- - a- a a -a ’ a- . a - ‘- a - l i v e , a-’ a - a a - ,, a -,’a- h a - c a l  a-

a- ,a- a - a -’ ’ - ’ a - a -’ a - v ’ - ’ . a-I a-’ a- ’ ’ l  a-
’ ’’ a - g a -a - n a - - • ‘ l  I~~ a - a - a - a - i a - a -i r a -  t hese ‘,ea’-r’’,.

:‘ a- a-, a- a- ‘c a - a -  a-a-, a ’ ’  . a- ‘ a-,, a- a a-a- a - - I a-- a- .1 a-a - 
- a- a- • a- a - a - ’ a - ca I r a- a - t a - ia’ a- a - a - a - a - w i  eda -a-e

l a - a - - a- ’ ~~a - a - a -a -’ a - ’ ,  , ‘ a - ’ a -  I a- I a - a -’ ‘ a - a -  a - a - r i t a - a -  a - — ;‘ ‘ a - a - a - , a - S S .  ‘ a - ’ a -~ rca - a-c a - n a - t a - o n  p r i c e ’ s

a- a-, -- _ a- : a- a- - a - a -n a- a - -  t i - ,, ” 1 ’ -  t ’ a -a- a - p r  ‘ a - - I a-a- a - i t  I ha - ’ a- v a -r d 1 1 a - i c t a - a - ra - ’ a- ’ th e

a-, a- a- -a ! I a - ’  i a-, C Da-’ a-a- a- a- - a - ’  I r a - a-I a -a-a- I a - ” a - a -  a t ‘, ra-a-ç a -’ - a - a - ’  a- :a-’ cl a - a - - ~ a - a - r i  ru’ a- a -’ a a - , a - a - c c t ‘a yes

a- ‘“e I ‘I’’a- a - a - ’ ’ a - ’
a-

a- ’a - .  :a - - a - a - a - -  a - a -  a- a- ‘hi’ a- a - - te rr ei ,a - ta a -a-~ a - - e r - a - a - a -a- t a - v e’a -- , the

ci t a -- a - ’ a- a- - a - a - ’  I r ’ C i a - i ’ , ’, a- a- a - a - a -a - I  a- ” ‘a - a -’ ‘ a- ’ .’ 0 ’ I_ Pa-C a - a - i  ternat a- se ’ - ascca -a-. iate’d

‘ a- ‘a- ’ a - a - ’ ’ ’ - :  a -’ ‘ a - a -- a - ’ , ‘ - “ na -- i’: a- u , ‘ a - ’  a- a- , a- ? ” (’ .1 — 1  a- <i r r’ncr’’a- a t t a ~~
- a - a - a -  a - - a - ’ ’- .’ ca- a- ‘ a - - a-, ‘c a - i  I - a-.,- a - r a -  a- I ‘a - -a - ” ’- : dcl i l era t e ,  h ,l’,tv , - a - - a - a -  1 a - n a -~, or an

a-i”!’ a- ’a- a- - , c a - — a - 1,1 a- ’ y ‘ a - a - a - a -a- ’ a-~ i r a -- a - - a -a- ’  h e r a  I - i i  te r ra -a t  Iv es  a- c r ‘ P4~~ 1” ‘I 
a- ‘a-~~Dc.a-F ‘I a-
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a- a-a -I

‘a-a- a-a- r c a -  r - a - r, l t i a -’a-n a - -n ra - n ’,’. a - c “hi erarch ica l ” a - n t he sen se  t P’a-a ’
— Ir a - w - ’a-a- a- ’ a - l  a - a - - ’ a - a - a - a - a - a - c a -nc are use d a ’ - the hullda -nr~ t’ iocI’a - a--a- ’ higher ie~eI

a - a - a -a - a - r c a - a - ’, ca - a - a c t l a -- -r . a- ra-r I nstance, informati on reQardin~
‘a--c :ra-a- ’,oa- ’tc of a-’ a-’a-,ç, -a-

~ t heir ha-a- iqht and density are features tha t
(‘Op ! r a - t ’~~Ip ‘a-a- a - I e t r r ” a - n i n a -~ cover and concealment , Boulder size and soil

¶~~~ e c’a-n I r a -l’ a-41 ’ to detera-’ine tank t raf f icabi l ity ,  Together they
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ha - a - “ a - a - ’-a- a-a - I a - a - ‘a- ‘[ a-”~ ’

a
-a1 , Ia-a-~~

a
-,1a-~ a- a- 1’ dod

a-,’!b a- ’’ a- - t a -  ~~a - a - a -’ a- , a- ( a - a - a - I a -- i !  a-~~t t ’  a- i a - a - t~~!’ a - a - — tO  t a--a - a - -  a - I a - l a - ’ ” '  i a - a - a - a t iOn a- a-~ a - a - a - a - t  ta tic ’ ,

l a - a - a - a -  a- a - a - c a - a - ”  a- a’ , a-, a- - a- - a - ’  • “ is a - i a - ’ ;  a - a - -  ,a - - c a l ’. I a- a - a-, Pa-fl a- a - : a - a - a - ’  • a- a - ’  I a - -  , a - ’ a - -  a - a - t a - i  ,~. ‘ a - a - a -  a ’  t a-a-a-

a-a- a- ’ a- a- a- a- a - a - a- ,t a- .1” a - a - ’ ‘a- -

a- a - - a - ,~~ a- a- S’.-? ~~
a-’ a -a-a-a-

a -a -’ - a - ’ ’ ’ a-~ ’ ,v ’ ic • a - -~a- -~- i a - a ’  ‘.a- a- ” v ’ a - a -i a - ’~ ,a a- a - a - ’ - ‘ ‘I
a- . ’ a- a- a-. , a - l a - , a- a - -  i a - - a - I ‘ a - ’ . a- ’a - t , a - I i a - a - ’ ’ ’. I a - ’ la - , a - ’a - ’a - a - ‘ ‘ - l i d ’ , ’ ’ ’  and e t a - - a - -a- , :t  a - a -, a - a - a - a -

a - ’  a- a- ’ a- I a - ’  0’ a- “ a- I a- ’a- a- 5’  a- ’ a- a- ( l a - a - a - a - ’  a- ’ a- a- ’- ’ I . I a- I a - ’ ‘a - a - ’ a- a - a - - a -a - a - i ’  a- a - a - a -’ a- a- - a - a - a -  a - - c ’ ,

a- ‘ ‘ ‘ - a- ’ ) .a- ra - . I I a - a - a- , a ’  a-’ a- ‘ - - a- ’ ’ a - a  -a- a- c’ a- a - ’ ’ ,” ( ‘ - a - - a - -  1 1 ) a- - a- ’ a- a - ‘ - a - a- 1 a - ’ a- ‘ a-

a- 
a-a- - I ‘ - • e ‘ i a - ’  I a- a- I i~~a-’ ~ a- I , a- I , ‘ a - a - a -  I a- 21 : - - , - a- a - a - I  I a - a- a- la - a - a- - - ‘ C l  , .“ I l a - a - a - - a- a -a - r a - ’

‘a- ,-  , a - I  a - ’ ’ ! , a-a- a - a - a -  a - I 5 O  a - a - ’ ’  ,i ’. a ‘ ‘ a- c i., ’ ‘ a -Ci” , ‘ a- a- a- I a - a - v a -  ‘, a- ’ a-

i a - a- a - t a -’ a - a - a’ ’ , a - a - , ’ a - - ’. ’ a - l i l a - a - - n a - - a - a -! c ia - a ’ ’ ..’’ a-, a - a - iC~ ‘ a- ’ . I’ ’ t a - a-i a - ’ a- c a - a - ’a - a - u a r , a - c a - a-,l~~ .

:‘ C ’  a - - a- a - a - , -  a-’’’ - ‘ ‘ a - ,’ a- ’a-l a - a -  I a - a - a - a - a -, ‘ ‘ a- a- • t a - a - i ’ ’ is - a - a - -  a - a - ’ 4 a-
~~

,j a- a- a - a - a - a - i -’ ’ Ibia-’
P ’a - a -” a- , a - a - -  I a - a -a - p t  c ’ c’ - - C 2 3 .

a-” ” a - a - a-. . -  l a - ’ a- ’, a - 1 a -
~ I ’ a - ’  ‘ a - - a -  ( a - a -  - ‘“ - i -- a - ’ ’  O a- I’ ’’ ‘a - ,  I t a - a - )  ‘a- a - a -a - a - a - V a - d m a - a-

I a-a- a- ’ a- ’ ’~ ’ r- ’ • a-, a- I a - - a- - a - a - ’  i ‘ a- C ‘ i a-a- I a- - ! I ,a- ’ I a- a-’ ‘a- a- I ‘,a a-a - I a- oa--a , ha-’ ‘ a - a -  a- a-la-  t ‘a- - ,i ‘a-a- a-- a- a - a- a - .

I -a - a - a - ’” a-
~~ 

a- a- a - a- - a- a- ’ I a - a - ’  ‘“ a- a - ’ ’ l a -~ a- ‘ a - - a - a- , - , a - a- a - - a- a- a - r  I - e v a - a - a - a ’, ’ - ’- a- t o  I a a - a - a -  a-
r

a-
-

a’,a- a- - a- a - - c r ’ a - a -’a- a - I C a- ’ ‘ - “ a - ’ ’ a - 5 .  ‘ a - ’ . a- ,- b- a - a - y a -’a- ( - - . a- “ a -  ‘a- a- t ; b n a - ’ c a -p . h a - - I  a - a - a - ’ ’, , v’cv’

a- a - - i” il l . 1  a- a-’ a - ! S - a -  ‘ a- - . a - ’ - - : ’ a-’ a- a-, I a -’ a- a-’ a- a- - - ~ he, ira - c a- 
a- a-4 a - a - a a- 

“‘ a - a -  a-nd i a - a - a -! a- cr’,

a- a- ’ c ’, ’ a -, a - a - a -a - ’ a- . a-’ a- - a- a-’ a- a - a - a-” -,a- I - a- r a’,” j a - a -  - - a- I a - - a -  I a- a-a- a - - !-, ‘1,a-a- - a - - i  a- a- ’ ca - - I a - n  ca- a -  a- (a- a-j a- - , I a- i-

‘ a - a - a - a -  ‘ ,‘ a - ” ’ (11)1 ec e - ! I .  a- a- ’ V . a - a - a - ’ ,,- ’ a - r ,’a- ’ - a-”- ,l! a- a-a-” cnlle c t a - a - ’a -a-’a- acencies a
a - a - a - c  I a-s :a- (a-- a - I ~~‘a -’ a- c a - a -a- “ a - a - . ’ - ! -  a- ‘or— - a - a - ! t a-” i” ~ a-i~~ ’, ”, a - a - a - I c  a- n p c~a- s e v e r a l

‘ - a - a - - a -’, !  ‘a- a-”’ ’ a- ’ ’, ( - a - a -’ ~ a-’ ,- — ,a -  a- ’ a-~ : , a -~~ter,’- ’,~ ‘“ a-a- ! I ha -- a-,~~’- t a - ’ r  r a -’a-c c-a - i a - a - ’ a - j ;p ’  a- a- a - i r a- ,

a- a- ’’ a - ” na - -~’a-a- ’ a - - a - c a - ’ ;  ‘, ‘ c b n a - -- :u ,a - c . ‘a-a- a - c  la -a - a ’ ’:,” ‘,p a - a - a -  a-’ a-’a- p. ra-’; a -- a- a -: at ’a -ie a- a - a -~~ prra- ”.
‘c’a-” I~ ’a-’a- l r a - I ’ a - a - r ’ 1 a -’-.er — a -  ‘a - a - a--a- a - ’ ’ ~~a - r a - a -- a- a-a - , c a - a -i S I a ’ j ( ’ ? a - a - a’ ca- a - a - ’ 1a - a -a-, a - a - a -~a-a- 4 — ? .  The
‘ raw - i a - a - a - c l  I”- , a - t o r ’ a -, tha t were oI’a-cerved a - a - a -a-l ent ered a - r I p  the ~yc t ~’
‘“‘ - a- a -a -” - - a - ” ia - ’ w a a”l - ‘ o y a - n a - ;  chain ca-f event;. Hra - t i ce tha t an , subset of the

Ia- i r a - e r  set of !ca -w ’lpvp l indicators can be entered m a - t a - a l l y  - the cvctc’r’

l a-a- ”'’. r a - !  ‘a- :’ec a - a -y ,jn-~ (‘a- f the indicators to be designated as startin g

a-a - ca - m I s . ,‘,ra- ,a- ‘a- a - a - I t hat a-
~ ava ilab le can trigger the recognition process.
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T h m ’ , gives the approach a-reat flexibi l it y . As the ava i lab le  facts are
entered , the systen generates and updates a l a - st of tentative classes

that may be true about the situat ion, All the evidenc e available , wh ich

is a- - a-a- ha- a - a - a - a - it to the t ruth of a part kuid r class , is utili zed in assess i n g
ta-it’ c Ia - i - -s v a l i d m t , - . ‘he ~ a-a- a - t ’a- provide support ing evidence for some

a- C I d S ’ ,r ’ a - a - a -a - a - i -  re f u t  i tt — a - a- a - a -  a - a - la-.’nce i a - a - a -’ others. The a-, a - a - icu latio n s arc based on
ta -a - a - ’ ‘‘ a - a - I ! a - — a - ” ’ -I- e a- ’ a- ,’- - l a - a -  ~

- a - , , a -’ a -, a - a n  “v a - d a - a - l  a- a - i - m s C u’,’,ed ia - a - t a - c .

cl a-a- ’ . 1 a - ’c a -~ “ ca ’a-~ ‘ a - a -a - a - a -  a - f  m a - a - a l l ,  at  i - a - u a ’ a - a - 4—2 , ‘a-a-’ a- ’,a - a - a - ’a - a - ’ in d i cators
a - I  a r :  .3 a- ,pra- ’ a - a - a - a - t a - a - I l .  o I - s c - r - ,a - ’d in Iha - ’  a- ic l i and entered to the System .

‘ta - a -a - p  i r a - a - l a - a -  a - l a - - a ’’,, • a - i l a - a - , a -a- a - a - :  the I a - c ’- , ’ , a - n t~~a - a - ’  h ie ra rch ica l structure,
a - : r o-, a -- la - ’ a - ’’~ i ’ !c’n a - a -’ Hr clas’ a - a -’” Cl a - a - n - I  C ,’ ( a - a - a - t i  a- c’ a-’ievant i a - n i ’ , are present

• a - a’ t a-a-a-a- a- a - ! ’’ a - a - a - I . ,’
’’- — c’a’’,, a - iI a - a -  a- a - a - a - a - a - ’a - ’ ,a-~~ a ’ a - ’ a-~~a- a - a- t i p .’ ’ ’ - 0 ’ t ha - - ‘.Iructure ’ s

a-. a-’a-i’ ’ t e a - a -  ‘ , ) . ‘ a --  
~ ‘, a - a -a- a- ‘a- a- a- a-a- c’ in I a- a - a - a - a- a- a- ;uc ’e I a- t a - e ‘,ra-a l 1 ~oI a- d arrows

a - c  a - a - a -! in ;  a - a - a - ‘a- a-a- a- a - a - ‘“a - ’-” a- a-c ‘a- ‘- a - I a - a - a ’ ’ - • I a- a - a - a -a - I  a- - Cl and c:a- are entered into

the I a - S I  0 ’ I pa -’ ’ a- a- a- a - a - ’  C I a - s  - a - .  a- , ‘a-— ’’ a- ‘ a - ’  a- a - a - a - -a-’, t r I - a - a - a - a - ’ ”  t b(a- high level
C l  a - s ca -’c Ca -~3 a - a - f l u  - ‘a- , a-~a- ’a - a - c ’  a - a - ’ ’ ’  a - i a - I a - It” - ! Ic t h a - -  tenta a - y e a - a - -a - I • too. ‘ha-’

~ a-~n~~’ a - a -— a - a -  — a- a-~~ a - , a -  ~~~~~, 
t a - a - a - a- a - a -a - ’  i f a - a - a - a - ! a - a - ’ a - a -  a - h a - a - a - ’ , ‘a - a -, - w a - a -a - a - a - I ia - ut  t h i ’ , 1 a - ’a -t

a- a- ’’ ’ a- 1 a-’ I • I a -- a -- a- a- - a- a-” a- ’a-a-’ a - ’’, a - a - a t ’ I a - a - f I

a-’ a- -v a - a -  I is ia-a-ca- a- ‘a- a- - a- a - i-’ a- ’a - l  ‘ — a - ,p , a ’ a- ‘a- ’, , a-~a - a - a - a - a -’, a- (a - na - a - l a - a- a- however
c a - -a-r.- ,’ l , a - a - a - a - ’ - , a- .’!~~ .

a- a-” a -a - i a - ’-a - 1 a-~~a - t a- a - - n ’ ,  a - i t  t a - c S a-a - ’t -  Ia - _ a- a - -i a-’ a - a - a -  a- “ ca - a - a - d c  ho r i :ca- nta l
a-a- , ’ la- a - a-’ a- a- a - ’,  a- ,,el ’ . F - n  ‘a - a - a - a - t a - a - n a --p . “-a - c  a - a - - a- a-nra-; the s ’ : e o a- an attack a—- a a -a-

‘ a - a -  a- a - n - ‘ a-’ • i ‘,- a - a -  a- a -r ,a- a - a - a ’  Ii a-a- a- a - ‘ h a -- ta - a - a-’ a -p t r’~ ta - ’a - a - at? aa - and va - ce versa, ~ ha - c

is l n d i C a - a - I a -— I  I a- a- a - a-’a- ’ - ’ a - ’ a - - ’ - ” ’ a - a - l  1- r i ‘ a - c ” a - a - ’. t- a - ’ t ta - e pa - a - CZ and d O .  Moreover ,

a - I a- a I s o a - i ’’a - ’ , a - I’ ia- a- a- I a-’ a- a-~ a- c a - r~ a - a - i a-a- a - n 1~~ a-i Iion~ a- rra- a- ida -s ev idence f~ r other

‘“ - I - . ‘a - a a - a - a - r c  i t  a - a - ’wpr 1a-’v t’i ’,. a- or a - r ’,tance . a- ’ ind icaHonc associated
r 

• -~ 1 ’’- a - - ra - ’- a - - ca - , a - a - 0 a- a- a - c’ .- ’ a - ra -r r,i a - % s a f l C e  ba! ! a i a - p r - ’ clea rl y indicate tha t a

d i. a- ç a -~~
a-r ha- a - a -’a - i  a?!aa -’’ is a - i a - a - H r  ipated a-, t h i s a-’ a-a- y increa se the likelihood

in a- I ’ a- a - a - ’ r- .r’a-i -a-nd a - r e a -, i c a - a - j c 1  hard H a- nte rpret  column of tanks is  a

a - a r !  0’ a- ’c’ - l a - v a - c i o n  atta ci , and even its target becora-es easy to determine.
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When the upwa rd triggerin g process propagates as far as the

a- ’ta - lev an cy links permit, a comp lete l i st of al l the tv ”$ggered classes
ara-a- assea”ihled and the evidence ava il able for each Is aggregated . The

a- - ; ;  a- a- a- a- :.a - t ion used is a modified Rayesian model . At this po int a choice

a - ’, ‘ a - a - a - Ia - a -, some classes have been verified (beyond some reasonable

‘a- h a - a - ”, ” ta - I  o~ a - c c a - t a - a - I a -’na - a - ’) and other- , have been totally refuted by the

a-’ . id a - a - a - - a- a - ’ ( I a - l a -  a-a- - - a- a - -  I a - a - w a - ’ r t hreshold) . ‘ta- ca-ca -a- classes are dropped from
I ra - c  le a - a -Ia-i t a - y e i a - a -a- t ,  h ’a-ç i ’ a- d one f o r  each class for a-a-a-ha -cM enouqh evidence

a - s  a - a - a - a - l a !  le . ‘a-a- a - - a -  r a - a - a - a - ’a- ’, then t r i p ’ , to see if s ome globa l, top level

a-,I a - a - c ’, . . , a- - a -po ’ , a - a -  a- ,v a - a- . ac’ , a - ’r t a - ”iI (t a -a-va- t a - a - c r  a - n a - a - t i c a -n t e s t ) .  ~f one was

a - , a-a - a - a -r ’ ea-1 a - I  a- a -’ - a - a - -  - ,a - ’ - a - a - d  a - a - ’  a-a- ‘ a - i a - ’ leto n fa-a- a- - a a - a - l o ba l s i t u a t i o n

a - a - a -’ a- a- r a - a - r p ! ,v t a- a - ;  ~ I ” a -a - ”n ’se , a-’fv’ a - a - a -f or — -at ion a - s n e c e s s a r a -- and the process

a - - c . a - a - a -  a - a - a - a c e

a- - a - a - - a - a -  a- ‘a- a-a- a-a- a - a - ” ’ a- ‘ a- - - a - a- a- a - a - c a -  a - a - ba-’a - ’ , a - a -  a- a - s  —a-oc t 1 a- ’ a “ toa - ’ down” process ,
a - s i c ’ a- the ca - a - a - ’  la - a - Ia-a- ‘a- a-a- a- a -a - a -  t u n a - ’  Ia - a - a t  a - a - a - a - a - a - a -  I In n s , It decides wha t

a - a - i - a - l  a - I  1 (‘a- n ,a - 1 ‘ a- a - a- a-’ ”” .a • i a -’ ‘a- a, r a - a -  a - . - , ‘ ‘ a - a c ’ -~ t a - a -  a- o ! 1  a - - c o n f l i c t  a- nra- c lasses , whi ch
‘- t ’ ’~ a - ’ a-’ -.’iI a - a - a -a- a -’, ia- ’ 11 1 a- -  a- ’ a-ns!  r ’ ‘a - a -a -a -  l ive a - n a - -r i - v a - a - Ia - n a : t be needed information ,

a- na - t ~~ ‘ a - a - a- - a - a -’ a- - • a-’ a -’ ta -”- I c al l , a-, a- a- a- ‘ a-t  u r a -  p ’ to - ~a-pr f pv, t he  ota -c a - ’rvat Ions.

0 a -a - a- ’ , a -,a-a- I: sta rts wa - l b !bp 1 a - ’ a - t  c’ tentat ive classes tha t were

c-l a -a - t a -a - I a-’ a-
~ a - ! c l  I-v P b ,a - c e I .  it a - a - a - d ude’, all clas ses in the di fferent

a- nc- a- ,~ - ec I a - ypc 0’ ‘“a - ’ I a - a - l I l a - a -  tha t b ,a -a-c ra- (’ l ~~a - a - p a - a -  settled yet (either

le ’ a - r - i~~C 1~ a- ’ a - a - ” a - f a - v l a a- l n a - a - r a - a - t e l a -  refuted). Th~~~pr o çp s s  looks  f~ r r ~ Iin g

!~~a -a -sa - a - a - I n c a - s i - -a - n c  i a - - I” e n p a - t  a -a-- r i o  o ’ a - ’ h ace I, ‘be relevancy info~~ata -on

1’,, a - a - l a - i a - f l, c n nt a - a - ’ a - a -p’a-a-l i n  the c a -- c d a!a - a - -a - t r u ct ure o~ i’iqure 4_ 7, a- p iiow ing

• a - ’ a- - a- dashed arrow s a-’o’n tin ’ : downward i t  can he c a --a- p r that ind ica t ion  ~~~
‘

a - s relevant for sett I a - n a - ; cla s s C?, and ind i ca t i o ns •1 and á7 c a n  settle

a con ’ i i c !  between Cl and C2. A c or’plete suta-ce! of the in dicators so
selected is the base f~~r qeneratlrm ra- Information reguests . Some of these

a- 
I 

requests will be answered by the user directl y , some have to be formulated
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r ft
a - ! ’. a - a - a - a -  a - r i p ’ , . a a a ! a- - v a - a - i t to ot a- a-er ~O5 data bases for answers , and some are
lu a ’ a - p a - I  i a - a - ’ a- a- 1 a- a - foc i ’ at a-

-a - a - a -  “a- ’alu ea - a-.t  s (IR s). T h i’ ,  tr ansfor ,ia-a t ion a - s  done
a- - 1 1 a - a- )a-, a-, : ‘a - a - a - ’ a- a - a - a-a - a - i l a t a -la - a - a-,pa-j a- ’a - a -~’, of information that may prov i de

a - p a - a - a - a -i r a - - I a - a - i - a - -a - t a - a -’~~ a - a I  a - a -  a - ’ , a - a - a’ v a -  eval ua -a-ted i a - a - Icr’ ’, of cost  (~~a - na nc a - a l ,
log a ‘, a - c  • a - -a-~a - a -  , a t -  a- 1 a- t -

, a- a - a - nd rj’,~ ) a a - a - i i ns t  ~~a- a -~ ted information gain

( a -  . ,a-’ ,, a- a- a - a -, ~ “l a - a - a - it a- ‘‘a- - a- a - a-a - . t a - a - ’ - )  . -- ‘, , a - a-’a - - a-u I ! a - a - f I hi ‘a- eva - il ua-a- t ion , an
a- a- a- - ‘ ‘ ‘ ‘ ‘ ,a- a - a - ’ a - l  a- . a - ’ i a - a - a- a- ’a - ’ - ,a - t a - - a - a - a -  ,‘‘ ‘ l a - a-,~~sa - a- I t a - a -  a-i a - la - l a - I  iona 1 m d  ica t  a- on ’ , i a - a-

r - a-. ’ - , ‘‘a ’ a - ia - - a - u  a - a -a- a - l a -a - a - f l  a - a - I  a - a - a- u ., a - n f c a -rr,a - t  a - a - a - c a -  fror’ t h e a - a - a - a -  sources ends
- ‘ - a - a -a- o ’ ‘ ‘ - a - a -  5 - i c ’ a- - a-” • a - t a - a - a -- a- a - t a - a - a -a- i . ‘hi~

ç , a- has p H a -a - ena - ’ r a - a - t e -- specific
a - c ’ ’ a - ’ a - ”a - a - l ’- a - a - ’ a - - - a- ’ : u a a - ’ , ! a - a- ‘ r a - l i  ‘ - - .a - r r e’ - : l a - a - a - ’  a - a - p’ . other a-ia- :ce ssi b le data

I a - a - ’ a - ’ ’ , a- a - i ’ a - d  a- - a- ’ I ” ’ ’ a - c a- a---c” a - a t l a - a - r -  C O l a - a - a - a- I a - o n  a- a - a - a - - n a  icc .

a- ”a-~~’ t a - a - a- ’ a - a - a -  ‘ a - a - c a -’ ’ , to t a - a - a - a - P  c ‘ a- a- a - I a - a - S  I ’, a - a - c’a - ’  entered a - i a - a - a - a - i n  i n to  t he 
a-

i- , - 
a-~~~

a - ’ a -  a- a- a - a - ,, I a-~~ ra - ’ a- ’ , a - ’  t a - ’ ! to e v a l u a - a - I a - ’, a - a - ’ t (’ !T rCt a- and Integrate the
“ a - a - a -  e vl a -I a -’n a - a-’, ‘ a - a - a - a - a -  a - l , ’ a -’a - a - I a -vp - r - a-~ 

a - a - a - a  I a - a - a -’—’ a - c a - i’v a - a -, when a - a - t a -a- pr ( 1 ) a l l  t h e

• ‘‘a - a - a -a - ’ ’ ,- I c I a- a - a - a - a - a -  a-i a- - ’- - , . ‘ a- 1 . -  a- a - ’ a- ‘ ‘ v a - a - a- ‘a- a- a - ! 0 ’ v a - a - 1 id a - I ,- ( po s i t i v e
a-’ p : a ’ a - -,a - - ‘ a - ’ ’ ” a - ”,a a - a - a - a - a -l I t -  a- a - a -a -a-a-— a - I  a- ‘ ‘ a - a- ’ ’ a - - - ! ’ n a -  I -  S i I . a - a - ! i a - ’ a - a -  a - a - ’, ’ , a- a - ’ a -a- ra-cnl

S , a - a- - a - a - a- , -
~~~~ 

( ;)  Ia - a - r - ; - a - a -’ a l  a- or i a - I a -a - r i ’ a- o n’ ,  + a - r ( a - ’  t b - a - a - ‘a - a - a - l a - a - : ’  t o  t e r r a - n a -a-a - I c

a - a - ,a - a - a - -  I a-’ - a - ., a- ’ a - a -’” a- a - a - a -  a- a-i ’ I a - a - a- i a - a - I -! a - a - c a - - n a -  I S “ a- I a- a - a - n t  ~
p ent 1 c ’p~ ~ clear - —

‘ a - a- - a - -  — ‘ 
___
“i a- a -’ : ‘ , a - ’ a - a - ’ ’. S - a -  - ‘

~~
- I a- “cc I a - - I t  a - - a ’ a- ‘a - an a - a - p a -a - a - a -a- a- ‘a-

‘“a -’ a- n a - a -  a- a- , ç  -
~,

a - a - ’ . a- ’ a- ’ ’
~~~a- ’ a-

~ a - !  a - , a - ’  a-~~~( a -~~~~ 
a - ’ a -

~~ the hie rarchical data

- ‘ “ a- a- l a - rc a- ~~“ ‘~~ “ I’, l a - p  a-” I-na- ! a- -’-~a- r I  p t ( a - a - a - nrt knowledge , drives the a-
- a -a - a - a-~~ a - r~ a - a - n a - I  v a - a - r ’~~ica ’ a - a - - a-a- process . ‘h~~c Is t ho  reason f o r APT

t c c ” a - -’ a - ;  a- a-a -c t a - ’ ’ ” - a- i a - a - i i p d  ~ na - ’-~a - l n ’ l a -a - a - ”  a- lr ivpn m The linis  in the structure
‘ a - a - a - a -~~ a- — a - : ’ l , c ; l l ,a - t a -  a- ’ a-a- l a-a- v~~n~ class es or features , an d ther e is  no need

a- 
~ a-’a -r “a ’a -’a - r ‘ a -’a- ’a - a -’ a- a-’

Phaçp i 1  in ‘a-- n situation asses sment process is the sunriary

- ‘pna-’- ra  a - n r a - . c it ua t i on  assessment surnary i s  the process of con-~osi nca-
Inc i n a - l i a -a - id ua l decisi ons made for separate battlefield aspects into one
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complete and coherent picture tha t leads to tactical pl annin g . The
result (it tha - s process is the Intelli gence Estimate doc ument wh ich is

cur ren tl ,a- produced manua lly by the int e ll ig enc e officer .

4.3 ,ya- Leve l Structu r~ f tuat ion Assessment S~’steei

‘a-a- a - s section desc r-fta-ea-, the functional to;a- level buildin g blocks

of t a -a - a -’ proposed situation assessment system . Thp system is based on the
:“t a - l t i - ’-a-era-t’ec”a - ha - p ‘a-u lti-pu rpose t~ayeslan reco onition process , and is
a-I a- ’ a - . i - a - a - ( a -~I to addr e- a- ’, acid t a -a - ’  c o r : a -a - a t a - t a -ic with all the requa-rements of an

a - a - d~ a - a - a -a - a -, a - a - a - ! na - a - a - a -i c a- l a- a -’ a - a - a- ‘ a - a - a -a-l a- a-a-’S t ~~ ” out lined a - n  Chapter 3. ‘1 ha-’ tarqet

aep I a - a - a - a - l a - n a - a -  ‘c r  • a - - a- -, c v ’ - t c’ra- j a ,  a a - a - a -i a - a - a - :  ‘or a a- I iv a - s  ion 1 eve) (a-a-? (intelli gence

officer) i ra - hi s in f orra -atic a-r collect ion , i n te g r a - i t i nc a -  and fina l

surT’-a - a - r i a-~at io n , iquro 4 -3  a - s a I - i a - a -. da -aq r ara - of th e Svs t a - v’ at the top

level .  The ‘- ‘a a - n ‘j nç (  ions o~ each h1 oc~ in the d iag ram are de scribed
ta-c low. -

The heart n a- the c y s t e r ’  a - s  the cit uat ion ~a-ssessment Processor ,

I a - perform s ca --cl ica ll v Phases I and ~ a - a - a-- a - n o informat ion and data

s ta - ’ a - j r a - r es ni -a-I a-a- m ed fror- ta - a -n block s around i t .  In Phase I.  the

a- a - n fn r”a-,a-t inn recc a -a - ;r.it jon and i n t e a - c - ,at l on , i t obtain ’, specific indicators

(facts about the current situati on) t a - -a-’ interacting with the “3? through

the - ‘an/a-’sachinp dialo g sutacystea-n. It then uses the hierar chical data

structur es contained in the M il i ta ry ~!now1edqe Base to build a m u lti-

perspective interpretation of the situ at ’on . In Phase II , it directs

requests for r’~ re information to the user through the Information

Request Eva l uator .

The objective of this process is to obtain a single integrated

interpretation of all the ava ilab le data and events in the form of a

un ified situation assessment. The output of the Situation Assessment

4-10
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a- 
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FIGURE 4-3.
DECISION AID FOR DIVISION G2 ,
SYSTEM BLOCk DIAG RAM
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a-
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( a - a - a -  a- - a - a -  : : : )  a- a-,a-~~
a- . S t a - a - a - ’ -  is a-,a- a- ’a -’ a - a - a -, ta - - a - I  - a-

a -the ‘- a-j a - ’ i ’a-- a- i ry Ienerator into a
a - l a- ” , , a - c a - a - a -I s ir ’a - la - ar In t b a - a- : r a - t e i l a -  - ca - i a - c E s t a - ” a - a - t a - -  ~ a - a -a - -a - a - r a -,

‘a-a- a- U
a-~~~~

a - t ,a - a- 

~ a - ia - a -~. I v a -~ a - , a -  ‘ a - a - - a - ’  ~~a - r I a - a - i n ’, t h e  a - a - a - a - a - l a - c i t  r a - - a - a - ,’ a - ’ - a - a - ’n ta - vt j(a-n

o ‘ ‘‘ a- 1 a- • . a - a- ’ a- a- - ‘ : - a- - a- ’ a- a - a - a- a- a-a- l a - ’ 1 a - - , ‘ a - -  a- s a- ci a- a - a - a -
,a- , a-a- a- a- a- , a - I a - a - a - ’  a- -, a - a - a - !  a- a - a - a -’ t a - a - a - -
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;a -h j ’,e’ , qoes through re’a-nforcemen t and resupply, moves to contac t ,

t b v ’a-~~
-j a - a - a - the assau lt and explo itation . Some events can happen in

a - - a - a - a - a l i c ia- which a- s i a - a - -,Iicate d t’~ an AND branch in the dia qr aaa-a-. some

a-a - , a - a - a - ’S ‘ u a - a - t  Pa- a - l a - a - p ta-a-fl a- a - a - r after the other , and ~~~~~~~ are alternativ e ’, 
a
-

a-a-~’p a-’a-~ a-’ a - t a - a - c r ”,,, a- a- a - a - a - a - :  era- . ‘Pa-ta- ’ ,p a re represen ted t a -v an OP ta-ranc h .
‘ “ a- S Stc ,e~ Ijra ’ ,,a r ta-c u ’.a-a - a-a- a - a - v the situat ion assessment a-a - y ’,tta-r’ I i

a - ’ - a - a - c a -- a - c a -  ‘, t r u i ’, -,a- rp a - - a - - a - a - a - - ’ , cr~~~t a - a - pra- a-, and draw conc lusion ’, fror partial

I ‘ a - r  a - a - . a - a - ” a - ’ i a - a -, a- a- intens i fied rp(jnna-jI ’S’,an(e ac ’I v a - t v  was

- a -  “ a - ’ ’  • a - a - a -  a- add a - ’, a- a - -  a I • - a-a- ’ - a - ’ ’ . ~~‘~~a- a - n t a - a -  the area • a-and a- c a - f ,a c :t , ~ unit -

a - ’ a - a -’ t ’ a - ’ r • a - ’ a-i a - - a - a - ; -’ ’ - a- a - a - ;  a- , a - a - a - a - ’’- boa la- - , I a - i a - a - c a - t ha - a - a- c’i t a - a - a t  a - l a - t a -a- (a- a- a

la - a - i a- a- ‘ ‘ a -  a - Ia - ’ , a - • ¶ a - a - c a- ‘a- - a - S  ‘ t a - a -  a- ca - a -~ c’ a- ’ . j a -a - a - ’ -l - 
‘Pa-a-a - vI a - a - t a  a- l a - - a - I  t a - i a -  I ica I ‘ enar io

,‘ a - . a- ’ ’ , ’ a- ,a -a - ‘ a - a - a - a - -  * ‘ a - a - a - a -  I a - - a -a - ,  a - a - a - l a’ a- a - - a - a - , a - a - a -  t wa-a-a-a-n a - a - v a -a - a -n ! ’ , , a -a - d ,v idu ai

a- a -a - ’, ’, , a- , ‘“- a-a-” ‘ a - ’ 1 .a-’ a - . a- ~a - a - ” a- I I ca - a - i t  a - a - v a - ’  a - r i  a - a - a -~~
’ a-’ea- Ia - ’na - a-” In ¶ ha-’ b a- - a - a - v a - I  he’, is

a- ‘a- - a a- a - a - a - a - ’  I a- a- a - - ”  a- ’ a - ’ a- a - I l  a - a - a -  I a- ‘ a-’ a- ’a - a -~ a- r, ‘a - • a- ut a- f t a-” p’. • 
a-a-a- ,a - ; a - a - a-’n a- c, the a- rca - a- ‘ a - -a - ’

‘a- a-:’ a-a-’” a- ’ . ,as I a - a-a - a- . I r’j i I - a - r e  “a - - I ’ ’ I s a -  t a - a -a - -  ; a - r a - -~~a - a - a -  i I i ~~ a- a- a-a - a- l a- l i be r a t e

a- a- a - I a - a -a - a -  a- a-,” ‘“ - ‘ ‘ ‘ ‘ ‘ a - ’  a- a - ’ ’ , ; , . i a - I 1 , ,  a- a - j rt ha-” c’r” c- a -’a - a - . ‘h a-- ‘,tructure can

a - a - a -’ - -a- a- ~
,a- - I a -  a- - a- -- - ~ 

a- a - a - ’  a- : a- ’ ‘ a -  a- a- ’-’ a - a - I a- on (01 Ia - a -a- I a - a - a - n , ~ ra - a - a -, ona’a-a I ‘ a -a - a n y  a - - a c t  iv ‘It a-

ç - a - - ‘.a-’ a- ’ a- a- ’ - a -  — a-- a- “ a- a-a- la - a - a- ’ a - p r  in sa - c a - a - v tb ,a- ,’ usua I a- I P’a-a-’n I b a - a - a-’
~
” -‘a-u ‘a- I be

a - a - _~~~
1 a- a- I a - n a -  I a - a - a - a -  a- a- ‘ ‘a- ’ a- “a- S i t  a- a- ’ , a- ‘‘‘- - -a - a - a- a- a - a - a - a- - a -  a - a - - a - a - - I a -  P a -  a-’ r ’~ a - a - a-~

~a ‘ a - a - i ’  I’’

a- a - a - a -r c a -  ‘,~~ 
* a - a -a- a- ç i — ’ a - ’ a- a- ’a- a-a-d r pa-- a- - rv a - ’ , c ’ a - a - ! a-a- a- a - a --n” ca-f I ha-’ funct iona l

a- , ‘ a - , t , a - r p ca- a- .a a - a - • ‘ ‘. a- c r  a- a - a - a -’’ a - a - r ” a- a - ’ ;  ‘a- dcl a- t’er,a- t a-” a-i t t  ac I a- t shOw’, a- W a- c)

- a- - a - a - ’- a- a-’ a- ’ ~ “ ‘
a - - i a - - a-- ’ , a- a-a - a - a - a - a - ’’ ‘0 ‘ a- ’ a -i t ‘ 

a-a- ( ‘.a - ’a - ’ a- lan a- n F a- ‘;u’ a-a- a- —~

-‘
~~ a-r. a - a - a-~~ea- ’a-a-~~a- (Un(I a- a-’a- r a -, ,a- ça- ;fl l, ~-c a - a-’a-a-’r ’Ca-rra-a-’d a - a -  t he d i f ferent  operationa l

a-a- n i ’’. - a - ’ V a-a- c’ i n i 1a -’;a -’~r r - a - a- ’, a - I a - a - i s b n , ta-ta - I a- n ‘h r. “a-a-i a-a-a -a -” t a - a - contac t they would

- a- - a - - a - h a- n~pve a-~~~~
”

~
a- ii;’ “cc  ~ rr’i” Othe r ‘a - a - n c t b onal un its . The diagram

a - r I ’  a- a- a-— ’- I”c a - a - i e r a r h a - a - a l  re l a ti on ;  a-a- rca- a - a - a -a -  the functional un itS and the

ca - ;c a - O a- ‘a--a- a-- a ” ’ a -  tha ’ t a - a - a - a - c a l l ,  perform s I ta-a t function wit hin a div i sion

du r’r ’a - a t t a - a c~~~a- ‘hi ; infortna a-on r’a -a a -  be cons idered as constra int ’, tha t a-

ru’,t be ret b - a-- a unit if a-~ is to a - Ill the proper function i n  the diagram .
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‘ ,a-~ a- l a - - a - - : “ a - r c a - , a - ’ I a - a - t a - ’a - t a - a- ~a-a- c I ia - a - a - a -a - a - l un i t s  a-i a - a - a - a  a - n  a- a - a - a - a - a - I  ‘, to  a-i a - I a - ’ ]  a- ta - e ra -a I a-,

.a ’a- t a - a- a- ’ a - ’ ’. a- a - a - a - ’ , ’, a - t a - a - a-l - as ‘ca- c’.’ ua - a a -, t a - a - a - a - a - a - al unit s a - a - ’ . ’  (a - t ’ , a - a - a - a - s ’ a- I a- t a - a -’

I ,a _a- c a - a -  a- 1 t a- a- * a- a- ’ a- a-a- a- a - a - t a -’’ a- a- a - ’ ‘ a - a t  a- a - a - a - a -  a - a - a -, a- a - - a- a - a -a- a - ’ ’ ,.

-
~ a- a- a- t a - a - a - , ’  a I a- a - a - ’  ‘.1  a- - , ‘ a - i t  s a-, a- 11 t a - a - ’  a- a - a - a -  I -,~~- I c ’a - 1  ‘ a - - t a - a- a-’ a- v a - a - ’  a- a-,,, I c - a -

a - ’ : ‘ ‘ a - - a - a - ’  • a- I a- a - -  
- 

— a-a- a- ‘a - c ’ a-’ a- a- a- a- a- a- a- a - l a -a -a- a- ‘ a - a - p’’’ a-) a- a- - a- I a - ’ a- I a-’ .l a - - . a - a -  a- r’-a-’fa-~ , a- ’ a - a - :  a- - a - a - a--a- , 
a-

a - - ,  ‘ a - - a -  ‘ I ‘ ‘ a- I a- - a - a -  a- a - -  I - a- * ‘ ‘ a - a - a - a - - a - a - l i  a - ’

— :a -
~~ a- a - - a - a  a- a - c  a - a - - ,c ‘ a - l a - t a - -  ‘ ‘ a- a - ’ ’ ’ ’  a- ‘ a- , a ’ a - - l a - a - a - a - -  15 a a - a - ,’ ,  , a - a -  ,a-,’

( )  ‘ a - a -  ‘ a - a - a -a - - a - - c a - a - ’; a - ,  c a -~ , a- a- ’ a - a -  i - ’ a - ; a - ’ ’a- a-,, ’ ; ’ - a - ’ a - ’ , (fl - i a-a- a-~~~’-

c a - a - ’’ , ‘ ‘ - ‘ a - a - ’  I; , ( a-~~~~a a - a -  a - a -  ir a- a- a - a - l a -, ‘‘‘- : ,a - a -  a--

a- a- 
a-,,a- ’ ’  ,a a - cr ‘ a - a- , a - a - ’ - a - a - - a - ’’ , a - i  1 a- a- 

‘ a - - ,- a- ‘ I a - a -  I a- a - -  ‘‘ a- a - ]  ,- ‘ ‘‘ t a - I a -  - a - a -  a- a- I ‘ : a - a -~ l a - a - a - I - a - a - -

‘‘a - a- - a- - a - a - a - ’ ’ - a- - a- - : a- c a- a- a l so a - - a - -  - ,  ‘ a - -  ‘ a- ac a- ~ -a- a- - a- ‘a- a- a- a- a- , a- * - a - a- a- a- , ‘ ‘- ‘a- i a -a- a-

a - ’ ’ a - a - a - - a - a - ’ , - ‘I . ‘ a- ( a -  ,f’ , , ‘ a -  t a - a -  I - a - ’ “a- a - a - a - : a - Ja - : ’ ” a - -n ’ a - a -  a- ~~
a- a- a - a - - a-i a- , a - a - a -  í a -  ‘a - a - a - a - ’~~a-’a-I a-

‘‘ - a- ’ a - a - a- a - c a -  ‘ ‘a - ! a -  ‘ I ’ S a - a - a - i , * a - a - - a - c a - a -  a - a - , a - - a -’~~~,

a- , , -: a- a- a-~~’ c 5 ’ S ’ ’  a-~ ~~ a - ’ ’ ’ a- i ’ a - ’’- ; a - ’ a - I a -~~a- a - a - ’  a - a - c a - a - , ‘ - ‘‘ a - a - a - a- - p - - a - a - a - a -I

a- “- i a-,’, - ‘ s ,a- a-’ a -c a- ‘ a - a -  ‘, ‘ ] a- a- a- a- ‘ a - ’  - a- ‘ ‘ a - i a -  I — 
‘ ‘ 1 a-a- I a- a- ‘ a- a - a - -a - 1 a -~a- a-” a-’’ a-

a- a- ’ ’ a - ” a- .- - . - 0 ’ ,‘ - a - ’s a - ’ -  “-(a- ’ ’ a- ’” , ‘ “ v - a -  a- ’ a - - ’ a - a - a - ’’’. t a-a - a - a -  ‘ a - a -’ a- - a - ’ a-~ra- ’-~~I ,’ - a-a - ’

t a - a- a- a - a - a - a - a -” a- a-a- ,, a - a - ’’ , , a - ’ a - - ’ -  I a- ,’’ ‘a- a - - a - l a- a - a - - ’ ’ a- a- a - a - a - a- a - a -~~: 
i a - a - a - a -  a- l a- ’’ a - a - a - a - a - r  a - a - b a ’ , ’ ca- a-

l” ’’ a - a - a - a -  i t ’  ‘ ‘ a -  a- a- a - a -””' a - — F a - a -  ; , a - a- ’ a - a -  a - i ’  ‘‘ ‘ .“a -’ a-a- ’, a- ha-a- a - - I , - a-~ ’ a- .’r’ ,l a- ca- ra-a-a-,a I, a- n

-a- S a- ‘a - ” ’ • a- a- - a- ‘ a-a- a- a-a- * 
~~ a-’a- a-I ra- a- a- a- -

‘
a- “ a - * a- ’ al’ a-~ I I a - a - c ’  a - a - ’- I a - - a-~a- “ -a - a -  -a-’ a-” I a - ’  c a - - n t  a-a- a- t a-’

a-- a- ‘ a- a-a- . — ‘a- a--’ a- 1 a- a-’ a - ’  c - a -’ a- a- a- a- I a- a- - c ’a -  a-’ ,‘ I a- ‘ a-a- a- a-” a- a -a-a- ‘a- I • 
t a - a - a -  a- wa-a- a- a- a-a- a- a ‘ a - a -  - n

a- a-a-a- ’a- a -v a - ’ a - ’ a - ’  ‘ a -’ .’ ‘ a - ” ’, ’ ,a- a - a -- -a- a-,a-a- (a -”a- a--a- a-l “ - v a- i r a- I a - a --a- ’a- ! a - a - v - ; a - ’ - a - - a - a - a - . a - l  I a - a - r u s t a - r -  ‘ a - a - a - a -  f i r c I

o “a-’ ’ ‘r a- “a - IC. 
- a - j a - a -  - l a - ” a - - i a -~ ,

‘‘a-4 n1  di a- a - ’ r a - r  ca - ia-’ a-il a-a- n t a - -a- r n-a- a- l a - ” r c a - l  ¶ a - ra-” ; “ca- ’a -e nt

a-’a-n ct r a a - r ’S a - a - ’  I a - a -c :‘rssa - t’Ir’ a - n t c a - r : a - r p’ a - t a t , o r  a-’
~~ a qa - v a - ”ra- s a - t u a t a - c a - r a -, ‘h(4 c a- 

a-

a- ’ a- r,’ : r ’ a- — a - ’ a- “a - a-l a - l a - a -t ra- r”  is ca- t” ’a-c ’ a-’~~a-’ a-l and - a - ”-r  1 r . a-  ‘,a-rr- -’l Ic - a- ta-c t hy - ’  l e a d a - ” - :
a - - ‘a - ’ ’ a-a- a- a-a- ~~a - y a - ç : ç a -r leve l deliberate attac &’a- I a -a-er t he  d ia a - a - ra ”  can ta-c a-

,a- a-a - p 1  ‘ a--a- a - de n ta - ’,a- s upport a - na-’a- ev i d en c e , a-a- nc t o  one-and -nra-a- ’ hal f ~a-ilcr a-cte rc
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behind t a - a - ta- a - a -o a - ra -t platoon there should be a reinforced company . Three 
a-

t a - a - f iv e l a - a  loncters behind tha t ,  a battal ion should be moving in columns

and battle forra-ation , etc . The presence of these forces is strong
evidenc e for the interpretation of the sItuation a-is a divis ion leve1

a t t a c k . -

a-I a- a - a - ; r a , ’ ’a- a- ’a-’ ;’ra-”sented in th is chapter “ — a- i l  a-’ up ;a - a r t  of the
knowledge ta - a - a-a - a - ’  that i a -a- ut a- i i  :a-’d t’y the reco gnita-on a - a - r a - a - c a - ’a- ’. to a’a - se ’a - s

t a -a - a-a- ta-a - a - t t l e f i eld S~~tuat a - l a - a -a- . A t  the bottor- ~evel of a l l  these structures

a-i ra-’ a-a- a - a - a -a- a-, i ~1c ia - i d a - c a - a -’ a - a - a - a - a -’, t a - a -a - a t ca-a n be c a - t’- ,erved a- n the a- ia - a - i d or col l a-a-a - ted

ta - -a- a- ota -a- er a - a - a -t a - a - a - l a -  a - a - a - a - - a - a - coca - c- a - c ’. . ‘ha -” ’,e a - n d i c a t a - a a - n s  d irec t the attent a - a - va - of

the ‘,,a-sta-’a-” t a -  va ra - t a - uc a- ca- -a - s i t - i c  a - nt e r p re t ,a - a - t a - a - a - a a -’a- , Tha-’ m a - t a - a l l y  large

c o l l e c t i o n  ca- ’ p o s s a - t  le ln t , ’ra -- rt a-t ation c is wvc ’ a - I a - a - d  ou t  ta-v the constraints

a - — - a- a- a- na -a - a - t a -  ‘a - a- , a- a-”; l a - a - a -a - I a - - -
* 

t a - - a - a -  -- t ruc t ure ‘a-, a -n t a-a-v I rca - a-, I a-’ a - I a - a -- a - ’ a - a - a -  a-, a-a- . Thu s a- ‘a-

IN’ ; t a - ’ a- a - c lu re n a- t a - a -a- ’ ~ a- a - r a - a - t j’a- ~or rca-ne n I’, a - a - ’ ha-’ i c a - a - w l c ’ a - I a - a - a - a -  baa-a - c direc t 
a-

a-~~ .a- a - a - a - a -a- - a -a - a- I a - a - a -n ‘--a’ ’ a- a - ’’,’, ~ - a - ‘ , a - ’ a - a - a -  a- ’a-c a - ’, ’.,~a - ’’ - 1 -  ta-c & ‘a- ei &ed out . These

c - a - n I- a - - c a - a -a- a- a- I ’ - a- a- ,,,l ‘‘ a - t a -’ ” ’- a- a - a - a -a- - - a-” — a - t a - a --” a a-a - c ’a-’ ,a- cl a- a - n t a-a- a -a - Ia- now l ed a - a - a - a - ta - a -a c ,’

a- ’ ” - , a - a - a - -a-~~a- ’ ’ ir a- a - a - a - a - -a-a - t a - a - a - a -  a - a -’ a - u a - ’’- t ’ - c a - i a-” t a - — a- a- a-”a-” a- a - l a - a - t a - ’a- l ‘ a - a - a - ’  the user , The a-

“a - a - a --I - a- “ ‘a- a -’ ’ I ’  I h a-a - : a - ’ ’ n” ' a - a - I  ‘ a -a - ’  r e a -~ a - ,,p ’ ’,~ will t a - ’  a - a - ’a - a - a - a - I  ‘ a - -  a - a - a - t a -a - c a -’ reinforce )
a - a - a- is t’ ‘a- 

- ‘“ ‘a- ’’ a- a- ’ ” Ii ‘ ‘ ‘ a - ’  - a- ra - ’ a - c I - a-- a - a -  a- a- a- a- ça -~ a- c , r red i a - c a -  t at t en t  a- ca-n

a- - a-a- ya- a- a- a- ’ ‘ ‘a- a - a -  a- la - I a - a -’’ . , a- v a - a - nt a - a - a - i l l  a- a- a-a-a- a-a-er e ra - a - a - a -a -a - ’ ira - ’ :a -r a-”- a - a - t  inn a - c  c a -”'r ‘-a- ide red a-
“ a - a -  a -a- a - 4 r ’~ ’pa- r o’ a- a- a - c c  a- t a - i a - a -  a - n t  a- ’ ra - ret a- t ‘a - i  r- - - wi 11 ‘ a- a-’ r a- r I Ic ’ ‘ .a- - - t a few .

_ _ _  

~~~~~~~~~~~~~~~~~~~
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4 .5 Tech nical Representation of Knowledje

4.5,1 I ntrodu Ltion . Thi s section wi l l  outline In na-ore technica l detail
the fora-aa-at a - n which the logic al structures discussed a - n Section 4.4
w a - l i  be represented i n  the system . The representation i s based on an
ea-a-tera-ded Bayes ian clas sification model called mult i-membership and multi-
purpose cla~ s i a - a - cat i on. It deals with two main  concepts: features and
a- a-i a- sses, The concept structures are hiera rchical , for each two successive
]ca -a -

~e l s  i and a - + i , classes at level i are features or infomation item s
f o r  the next higher level a - - . l a -  Probabi l i ty and ~a l a - d a - d t y  info,,nation
is associated wa - t b a-’ach twa - - successive levels.

At th~ v e r y  ba-.a -ttc ~a-a- l a - a -v a - a -i (le ya - ’l 1) , the features are a-just specif ic
da ta a- ’ a- —a-’

~~~, c a- a-a- , a- ev a- ’rts or a c t a - v i t a - a - ’ -a- observed in the battlefield.

P a t t a - ’’n’ , a - f  Iha-”. a - ’ fea-itu ,’a - -s c r a - a -ata -a- the classes of level 2, wh ich describe

a-nd ’: a - a - t a - a - a - n ’. rega rding t a-a-a - a - a - ’ a - a - a -’a-r’y a c t i v i t i a - ”, or intentions. The indications

of l a - a -a -a- a - a - i  a-
’ be ca-’a-’e the ‘eatu res f a - v ’  l a - ’ve a -l 3 c lasses , which are either

a--a- i a-a- a-a- a - a - a - ’  l a - a - v a - a -i i ra - I a- a- a - t a -  a - a - a - ’ or , a - n f a c t a- c,( a - ra - ’,t it u te  f inal recognition of
th e a - ’ r a -~~y a- a - u r s a - ’  a-a- a- a - a - ca - i a - a - n- . Genera lly . t a - a - ’ a -  featu res tha t characterize

ta - - a - - c a- a - c a -, a - ’ s a - n la - a -va -a - a - i’ ’a- a rt’ not ra - a -st ra - a - t a-a-a-a-a-I to come f rom the in-riediately
1 - w a - a - r la - a - v a - ’ l  a- . TP’ a- ’y “a -ay c,w’ a - ’ f r c~” any lower level below , For instance ,
a - ”  a- a-u” 4-1 a- w h ic h  1 l 1 a -a-A ’. rates th is structure , the level 1 features ,
‘ a - a - a - a- a-’ a - i ’, ‘ ‘ . a - z a - ’  a-” t rees a-a- f t ” a- serv e as ind i catio n s for level 2 classes
‘a-- a -a - ’ d c - a- ribe a- oa -a -cp a1~a-a-’n t . The possib le concealment type ca- ’ level 2

a - a - a - a - c  a-~~~
a-’a - a - c I ha-’ fa - ’,a- t a - a - r a - ”’a- of level 3 c ]as a -,a-” s regarding the terrain. Thus ,

a- ” a - ’ c~~
”a--a- at a” v given level a-nay serve as indications for classes in

I i ~~’a-a-’ ra-’ rt perspectives ca-f the battlefield.

a- - .~ S 2  F”a- ,a - , t u r o a -, The tea-in “fea ture ” represents any p’~ece of Information
related to the battlefield situat ion , for Instance, vo ia,jra-e of conraunication
a c t i v i t y ,  niriber of tanks In a given force, road conditions , activity

a- ’
~

a- j a -’ area . etc.

_ -‘-a--- -~~~~~

a- 
--* —i.---— - — ‘ a-- — — —- —

Li ~~~~~-. --
~~~ - — — ‘  ‘a-—~ —~~---~~~~~

- - a - - 
~~~~~~~~~~~~~~~ ~~~~~~

,a-a-,’,a- -.,a-~~~~~~~~a-.. 
— —‘ ..—-- ‘- -- 

- ‘



r ~~~
‘ a-’ — -

~~~~~~~-

a- a- ,“a-j ,,S ,-~a-a- - a-~ a-a- ’a-~~a - a -~ a- ‘a -a-- ca- ‘a-a-a-a-, a- - a- a - , ~~~~~~~ a -
“a-’!

A cost is associated w ith each feature tha t reflects f inan c ial ,

t a -~ca-’p~a- r a - a - l a- and l o g i s t a - c  e f f o r t s  required to obtain the information a-ak ut

that feature . For instance, inf o r ina t a - a - ’ a - a - tha t a - s  provided by an in place

ot” ’rv’i ng officer wou ld be sio n i fic antly cheaper than information obtained a-

by a reconnaissance airc raft. Th is cost  is u sa - - a-I i n the information a - a - a - a - ; u a - ’~~t

a- a - v a l u a t o r  wH-a - h generates cost -effective in fot inat ia- a -a - a - a - c q u i s i ! a - o n  ~a- a -’opo-, a - a - i s  a-

( - a - a -a- - Fa - g u ”a- ’ -t - - 3 ) a -  (Th a-. a-a i rborne observer w a - i l  p robabl y a - — r o v a - d a - a - ’ n a - r e

,1a-~ a-, a- a- a- a - a - a - ’ a- n ”c ’a -”a--a-’a l a - a - a - a - a -  than the c’f f a - a - en a- ha - a - I c o s t  ‘a- more)

L ‘ a-a- a - cal a - a - ’ t a - a - r a - ’a - ’ l ,a - t i c ’ a -n~~ha- p’ a - t a -a - ’t w a - ’ e a - ’- fea-a- t u a - ’ e - a- a ra - -  a lso ra-a -c c a -Qa - l i zed

,a a-a- d u t i l a - : e d  in the ‘,, tu a t a - ,- a - ’ a’ ,a-a - l y ’  a - 5  “a- a - d a - a - ’ , Th a - ’’ a - a -  ra - ’a- c ’ a -’ a- a-

a -n a -  ~ha -~ h Ih c a- v a - a - l u ”  of a- a- q i v r ’ a - a -  f a - a- a- a - t a - , r a - ’  d i c t a t e s  the

val u a -a- a- a- a- a - ’ ”,- i a-a-va -jr a- a- a- j r a - -
~~ a-’a - a - a -’ a-~a - a t a - j r a - a -. ~~a - r  ‘ ‘ - a - t a - a - n c r - , a- a- the f a -~a- ’t u a -’-

— a - ’t a ”
~~a- ‘o r c e ‘-‘ov’” - a - a- a -fa-’a - ’a-~a- a - a-’d a - a - a -‘,i~~ a - on ” a - a - ,  a - a - e~~at  a - v a - ’ , a - h a - r. t h i a -a-

a - I , ‘.‘a- a - C ,a- 1 a - y a- ’.’ p a- T a - a - a -a- a- ha -a t ia - a - a t a- ?’a-’5 5u( ~‘ ~~~~ 
a - a - a- 

~
p a - - of I ,a - a - ’a - I  ‘ , 

‘a- 
a- 

a- n t,ra-ta-a-’r

a - a - f  , a - a - ’a-~~ ’a-~~~. - a- a - a-’ a - ; a -,a- ,~, a I a - a -~ ra - C’ ’ a- a ’ a - . s a -’ , a- t a -  a- a- a-a ra - -  a - p ’ r e l a - - y , a - a-a - t a- Oa -’ f a - r

a- a-’ - a- I a- a - a-a- a - a - a -  a- 
a- a- I Pa- a -’ ‘ ‘ ‘ a- • a - a - a - a - -  -- a - a - ”  a- a- ’a - ’ ,i ‘, a - ’ a-~ a -C a- a- vi a- v a- r a-a-a - a - a - a - a-’ a a- ’, - a - a -  a-- 

‘ a -  a- a-a- n a - - n a - a t i v a-’

I- a-’ a- ’ a - ’ ¶
~- “ c  .

~~:‘a- a- a - es I” it a - i a -  I a - a - ’  “a- a- a- a - ’,a- a- ’a-’s a- ’a - - a - ; a - a -’-’ a - I i r a -q a-n( a- ’a-a-a ’, a--(~ a- t c t a -~~’ a - t i a - a - ’a- a-

“ r I a - a - a - a -a- a- a - (~~a - a - a -  ~
‘ a-’a-a ’’ a - c  a - a - a- r u a - ’l ‘,a- ’~~ a - - ” a -  “ a- a - r ’ - ‘- a-’q a - a a - i v a -’a- .

T a-a- a-a- a- a-a - a -  Ua- ’a--a -’ a- “, a - a - also ba - a -  - a - a -  • a- -a -’a - a - ’ra - ‘a- a - a -a-~ 
i r a - a-a- ca- r c ’-u a- a -c tha t cu~~qe’a - a -

r,a - a - a - - y ,a - ” , -
‘ ta -’~~ a q a - y . r  t a - a - a - a l a - -  ‘a - a - l a - .  F r ’” a - r ’, a - a -’ a - a - a - -

a- features r a - - l a - a - v a r -t a - a -

a-a- a- “ a - a -  c ’ a-i t I ca-” - - a- “a-’ a- a- ’ ra - ’  l a - a -~~~a-a- a - a - t  t a - a -  a-a- l.a - a -a- a - a - a -’ I t a - a-a- ’ I 1 C ‘a - a - a -’ away f t’a - a -r any ‘ ía-a

- ‘a - n  ‘ a- “-a - fl ,

4.5.3 C 1 a-’l’a - S ” S  and Ha -era rc h j a - ,a l Strucu tre , ~ hça- high er -level unit— a- for

Sa -tuat in~ analysis a a -’a- a- th e cla cse~a- . Ta - a - a - a - a-cr— c las s ” refers to a

a- - ‘r’ha - n a tac a -r of features , a- ba-a- I a - e r c a - I a - ;!a - ”, a well-defined s’tua ti c ’a-a- in any

aspec t o’ the b a t t l e f i a - a - i d .  For instance. cl a - as’a-i- s for the pe’a- ’, a - b i c a-

deployment of a unit in the a t t a a - a -,k (c a - a -a - ’ Figure 4-1) are : Cl : cola-r’ans ,

C2:  line , C3: wedge. etc. The features tha t cha racterize these classes

includ e •l: “dispesal of tanks ” , S2: a - ’ d l r ec t lon  of a t t a c k ” , •3: ‘a-d istances
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a- - a-— - - ‘ ~~~~~~~~~~~~~~~~~~~~~ ‘ -
~~

between tanks a- etc . The si ga- a - i f i c a - a - a - u a ’ of ca-a- a- f e~~t~~ra - a - X .  a- a- a given

pat tern is da-’~ L r a - b a -.a-a-~ by means a - a - f  two c a - a- a - d i t iona l a- ra - a -t ’a - a - b i l a - t a -  a- a-

~~~~ a - a -
,a-’a - a - t P 

a- a- where :

P 
a- 

the a - a - na -a -b aa - a - i l a - t v  t h a - a - t a - a - a -I ua -’a - ’ a - s  ~~~~a- ’ a- a- t Iva - ’ given

t a - a- a - a -  c l a s s  C a - s  t a - a - a - -  true cla ss.

ta-

i,) 
t P- a- ’ ;a- a-’c a -b j ba - a- a - 1  I ~

a- a-a-~~ 
a- a-~,a- a- ua - ’a - ’  .k - a - a - , a - a - a- ‘a - a - t a - v a - ’  g a - v a - - n  a-

tP a - a-a- ’, c a - a ’ ’ . C is ‘ a - a - ’- t  t a - a- a- t r u a - ’  c l a - ’a - 5 .  N a - a - ’ a -: a - ’ 1~~~a- t h a - a-

a - a - a - - t a - t a - ’ l a - t a -  a - h a - a - !  t h ”  :- r , ”, a - - ! a- a - ’ — a- a- , a - a -  a l a - a -  a - t a - u I ’ - a - a -

t a - a -  a - a - a -a - - r  c 1 a ’ a- a- a - ( a - - a- .~ a - ’ x c a - ’ ; - t  C~ .

Tha - a - ’ P~~ ‘d a-a - l a - , , ’ a - a - a - ; ’ ’ , ’  a- - ’ ’
~~~~ a - h a - a - - a- a - a - a - - a- a - i a - i -a - a - i s ’  f a- ’ a - - a - t a -~a- ’ a -  a- , - a~ a’’

a- ‘, ‘ a- ” a- a- a - v a -  a - Ia - a -a - a -  a - -  ‘‘ c las s I a- w hi in I ha- a -  ~
‘ v a- ua - a - r a - ‘ a - ’  a- a- ‘ a - ’  a -- - a -  a-~’ n a - a - n a - a - S
J

t b  
~

‘ a - ; a - a -’ a- a- ‘a- a-, i t  a- a- 
,,~ 

,ai, a - i a - a - ’ I a - a - r ’  a- a- a - a -v i a - a - a -’ ’ ’ - - a- a - a - a -’ c l a s s  a- a- ‘a- — I h a - a -a - - words a-

“ a -’  a- ’ a - a - a - 10 P — 
i ra - a - a- ~ a- a- t a - a - a -a- * a-~~- a-a- (ja-~ ’ , a - a - a -  a- a- ’,’ - a- ’ O~ cI a-a - ’a-~~ a- a-v~~

’a-’ a - ’  a posi t a -y e

- a - ’  - a-a- l I  a- ~ a- a- a - a -  • ‘ a- a- a -a - I “ a- - a- ’ a- a- a- a -a-  • a - , ,’ . ’  

,
~ 

, S ’ a-a-a- a- la - a a- ’ 1 a -a- - 
a- 1 — P / I — P 13 

i a- I a- - a - I  a-

‘a-”.’ ~~ a - ,~ 
a- a - v - a- ’ 

~~
‘ c~~ a- ’ a -

~
a- a- a-m a-— ,’ • a-a- a- ’ a- a - c a - a-a-t a- a - a -a- a- a-~, a - a -

s
t is a- a - a - a - a - i ’ d  f a - r

‘‘‘- a - t a - a - a-- a-a- I

-J

a-~ a-” a- . r I a-a- a - a -  ‘ ‘ a- a - - a- a- a - a - ’ ’, a- a- - a a-; a- a- ‘ ‘ a - -  ,y- ;a- a - ’ - a- a- ’ a- I h a - a -  ba a- a- 1 a-”’ ‘ci d ar, r~~t ua 1 l y
a- 

a - a - a- - 
a-~~~~~~~ 

•a- a - n d a- a - ’~~ a -ia- a- ’a - t a - v a-’ , h a - a - a - .- ¶a -a- ’a- ’ (j’a- ‘ a - ,  t a - a - ’  a - a -- t a- a - a - a - a l a -- a -I  a- -r e v a - a - n y  f ea tu re

X• ; ‘‘a- a • ‘a - c  r a - a - a -e v a r a - a-
~~~ cl a - ass a- . Pa-a-’ a - a -a - l u ’ -  ‘or  ‘is q i a -a-a - a - ’ a - a -  by:

p a - ,  - 
.
~ p

a- ’

w he r r t a -ia- a- sLrratlon a - s ova -a-n a-a- ba - a -  re~,t of the c lasses  in th is  aspec t of
P’.a- battlefield. It should  be emphasized , however , thô t the model does

a- not ra-a-’ca -’ sca r il y asstra-a-’a- tha t the classes are mutually exclusive and

a- 
exhaust ive , For Instance , for recognizing the type of attack , the re
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is not need to assa-a-sne tha t it is going to be either frontal , or

enve1o~inenta- In principle , both of then may be simultaneousl y true .

Features that are not inc l uded in the pattern of class i are

considered irrelevant for that class , The irre l evance of feature

to class Ci i nd i cates tha t that info rmation regardin g Xj does not affect

a-he assessment whether class a- is the t rue class or not. For instance,

the feature “Sudden Increase in Corria -mun ication a-a-nd Electronic Activities ”

may prov ide very little or no information for diagnos ing the confi gura -a - a - t ion
of a given force. accurate def ini t io a - a - of r a - ’e l e v an t  f e a t u res and

probability cc r ;uta -a -t a - a - a - a - a - a -’- w i th th a-a - r a - are discussed a-ri Ben-Bassat (1978b).

The paper shows basicall y that for any ga - va - a - a - a - class-pattern , onl y the

co nd it a - a - -n a-a - l prob ahili ta - ta - ’ - for t~~a - ’ r e l a - ’ v a -a - ’ a - t features need to be a-a- st im ated.

Th is  a - c  ir c r r t r a s t  t a - a -  c l a c s a - c a - a -a- Ba - a -yt” a - a - a n  ‘a - a -oa - I a - a - l~~ a - n wh a ch the class/feature

cond ilion a l p r o b a b a - l i I i a -a- a- ‘ a - a - ’ a - ’ a- I t~ be a - , t i ” -a -i t a - a - d  f o r  a - a - v a - a - r v  class ‘eatura - ’

comb inat a - nra -, T a - a - a- - resa - . l I a - s a ~a- a-a- ,’a - r red a -4 c t I or- a- a-a- I ha - a -  ra - a-rt a - a - r 0’

prob aba - a- a - t a - a -a- a- a - b - a - I  have to he a - a - - a - t i ” , a t a - ’J t a - v • a - a - ; a - t ’ r t s .

A c already n a- a - I a - a -a-l a- ‘ h a - a - t a - - a-~~a - ’ a- f a - - a - a t L a - r a - ’ s
a-’ and a - ’ c ’ a s s c s ” are r e l a - a t a - v e ,

c a - n - : a - a -  a g i ven c l a s s  “ a- ay ‘ a- a- a - n v , ’  a - a - a -a- a f a - a - ,a - t u r e  f- a - n a higher- l evel ( i a - a - a- - a-a- .

For l r s t a - a - a- ’ a- a - a - a- a- a-a- a-’ s’ a -, a- a -a - ’r a i ssa-ia - a - a - e  a-
’ - i I ’ a - ’ a- ’a - a - c  a featua - ’e a- a - a - a - - n a - a -  ca- ga-a-- i : a - r g  the

pat’ ””n -Ta- f a d a - v i si : a -” l a - a - v a - a -i a - a t t a c k .  v a- a-a- a - a - a -  ‘ n da - r t a - a- ra - a - a -’ a - a - q r a - : a - a - ’  t h a t

a g ive n a - i a l a -a - a -’a- a - s a- a- a - a - a -  - - r n a a - ssa - j n a -  a-’ ; a - l a t c a - o r ., (and r a - a- ~~~, for i a - a -’a - t a n e ,

a- a p lat oon level a t t a c k  c a - n  t h e  a-a -a-a - a - n t  fl~~ a n - a - a - o r attack), a pattern of

featu res needs to he ,as ’- a -a-”t’a -le d . These f í’ a - a - t a - a- r e a -, an ,’ “ a - a - la - a - ted . fo’ in stance ,

a - a - ” dep l a- a- va -a-a -e n I f a - a - r’a-’a- ,a I a- - - a - a - ’, a - a -r a -,’ a-i t a - a - a - n  a- ’a-’~ a - a - a -  a- w” ’ r -a - t a- wa - a -a-a - pon ‘ v’ tem s • et a -

It is also poc~~a - b l a - a -  fo r a a - a - v a - - r  c l a c ’ a- t o  ‘a - a - a - r y e  as a fe ature for

a l ower-leva-a-l class, For instan ce, i~ f ea tures  other than a reconnaissance
a- plat nrn clearl y indicate tha t a ci a - v~~s’ ’~a-a- level a-attack is anticipated ,

then ‘his increases the l Ya-a-a-”lihoo d tha t a given p a - a - a - t o rn is the

reconnaissance platoon for this at tack.
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T a - a ble 4-1 shows a typ ica l pattern for attack (i.e ., the features

a-e leva”t  for i t s  a - a ssessm e nt) .  Th~ ind icator  l i s t  was taken froa-a-a- FM 30-

1 Ua-,’ a- w h i l e  t P- a- ’ prubahi lit a- a- a- a- were taken r~~’a - a - a- a- a - a - P a - ia - a - a - a -a- a - n ( 1 9 7 7 )  Ta bl t’ 1
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a-a - ’ ” l a - a- a- a- ’ -~~.a- a- ’’ , ¶ a -” fa - ’” a - -’- a - al a- a- a -n tha t a - S .1 a - a - -,a d a -  a - a - v .a - a -  l a - a - b a -  a - -  a - - a - - i a - c i t  l y a - a - ” a- ra-’pl a - c i t  i~~.

-: , a- : a-~ a- a-a- a- 1 a-a-a-j a- , t a-~~
a- : - a - a- a- , a-, a - a -  pa - a- a - a - a ’  a-

1,
’

,
’ S a - a -~~a - a - a - a -  ‘ A a - , ’ , , -  ‘ ‘ ‘

‘ a- a - a - a -  P a- ’ a- ’a- , a- ’ ’a- a- a - a - ’ , ~~a - a - a - u a - ’a - ’  4— ’. a - a , a-a “a-a - a -d- u ia r t a - a - ’a - ’ ,a-~ a-1owr-

0’ I P’~~a- 
~ a- • 

a - a - a -a-a- • a- - a-n a- a- - a- ’ - a- 5” ,’, a- a -’ “a- a- - a- a - c  , - - a- a-_a- “ a- a - ’ ’ ,  a-,a-’a-~ l a - a - a -  a-a - a-’ a- ’ a- a-w ’ , a- rid a- a- a - a - ta - ’ ~ a - a - a - n

O c a - a -a- a- a- 
a-a- a- a- I a - a -a - ’ .l’ a - ’ et  a - a - a -’ ’ p. ’ - 1” a - ! ’ a - a - a

a- a - ’  a- ’ ,a- : ‘ ~ 1’ ’ a - ’ a - , a - l a -  a-’ , ‘ a- a- a- a- a - i a - a - ”

a - ”  L” ’’ t a - a - a - a -a-a— ( a--a- a- - a - a - ’ ’  “a- . It , C , a - )  a - a -a - a - a - -a- a- a - a - ” ’  ‘a-’ ,a - .,. a - a - a - a - i  ‘ a - ’ a - a - ’  a - - a - cr — a,”r’

a- a- • .‘ - a -a- 
. : a- J ) a- ‘ - a - ’ ’ - a- 

‘
‘ a -a-.” .- 

a- a-’ - a-a- - - a- ’

a- a- - -  a- • a- a- ”’ ’ a- ‘ a- a -a- a -  ‘ a- “- a- a-,.
’ a- ’ a - a - C ,  a- - ;  I ¶~ ‘‘‘ a-a- a-a- u a- a- ’ a- , ‘ a- a-” ta-’a- user ,

a- - 
• a-a- ,~~

a-
~ 

a- - a- - - r - , a- a- a - t a - , ”  a- , ‘ a - a -  a- a - ’ - ’ a- - ’  a - a - a - -  a- a - a - I  va-’.,a t a- a- 1 1 ,  I a- a- a - r ’~~a-~ l c a - l  1 a-

0 ’ ‘ a - ’~~~a-, a- . a- a - . a - ? ,, a- a-~~ , p .a -  ta-’ a- a- - a - a - a - a - I  0 a-- a-~~ f ,’ a - a - l a-a- r a - a - S .

‘ ?‘ ‘ ‘ ~ -a - a - a -  - a - a -  C a - ’ ’ ’ a- a- . , a- a - a - a - I ,. a - a - ’ a- ascoca - a-- a-a- ’a - a - a -~ la-a- a- a- .a’-a - c’ rp, a - # a- ’ a-a t a-, r a - a-

p. a- a- a- a-a- a- . ra - ’ ‘ a- a - i - a-’’ a- a--’ a- a - ; a-’a - a - a-’  l a - a - a-a - a - - ’ ‘ a’ a -’ a- - a - I  a- - a - ’  a-, -a - “a-I C a - ’  ‘a-i “ ‘ a - O ’ . a- ’ a- a-i a- a- a- a- a- a- a- a-

-a- a - a -’ . -  
~
‘, j ç a - ’ c- a - ,  - a- a- I a -a - a - ’ ta - ,i a - t l i a -a- a - a -a- ’ a - . 

‘ a-” , a- ,‘ a-’ a - - a -  a - r , a - a - i - a-
~
’a - a - a -a- a-~

Cde’a - r a ’ a -  a - - c a -I ‘ a - a -  a-~ - , a- ’ , ) a - s p a -a - a-’ ’ ‘a- I ha-’ ‘ “1 na- ’ l o’ 1 hr M. l i l a - a - a- a- P r - a - ’~~l , ’ a - 1 a- ;a - ’

c a- a- .

a - a - a -  au sa- a-- a- • a - a - , F ‘a - a - i ‘ a- a - a - a - t a -’” a- a - nr f a -’a-”a-’, ‘ ha-a- a - ’ r a -”a - ’ a-j b a- a - a - ’ a- a- a-a- ici u lat a- - a-’ - ’,

a-a-’ I ua-a- d a-a I ‘a - :  -‘ a I a- I he ~ a- ’ rn” I I ~ r~s l e a -, a” ’. Cl a’a- ’~a-’a-~ ( ‘ a- ’ .’ i’a- a-’a-( ha- i ra -  a-,r’ a- a--a-

~~~~~ ‘

a- 

‘ ‘
,- , 1’ 

“ a- a-’ ,, a - : ’ t a - i I  ‘“q a - c a--a- r ca -a - ta - v u ’ l a - a -~ a-hr pr’ r  r a- ’”a-’t’ -i ta- ’ a - i a - v  o ’ each

_ _ _  
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a - a - a - ! ,’a -~Ory and a - a - a - a - a -’rp -, - r a t a - nq new ~v ta - 1 a-a - nc a - ’ ( ea-a- t ure values) tha t came up

a- a- a- a- a- ’a- a -’a - l y, Thr~~ua-;Pa- a - a - h a - -, upd ata-nq ;a-r a- a- a- a- .’,~ a- t a - a -a - a - Pl a usibil ity Evaluator

a - a - so a- , a - a - - a- pu lates the C u ra - a - ’ a -  ¶ I~ a- ja-’ ’ of a - h a- ’ a-a - a - a - u a t a - o n  by chec k i nq t e nt a ta - v a - ’

a - a - ’ . a- ‘a - a - a -a - v a - ’, fa - ’ a - a - ’  a-a - a-a- a-’ ’ a- ,‘r sta - a - a - a - ’ ’- a- a- nsert a-a- ta- aa - a -~ ci ,a~a- a- a - a - ’ , in to the a - a - ‘.t a - f

ja-a -a- 
‘ ‘a- C a ’ -, a-,t ’ a-, a- .a - a - a - d del a- ’ a - a -  a- ’ a - ; a - a - I  a-~ - a- ’ - ,

‘ a - a - ‘a-’ a - ’ a -’ a - ’ i”, a - a - a - a -’r T a - - a- a - - ’ a- , I h a - a ,  a-, a - ’ r a -  a-i ’ a- r a - l , ’r~ a tc’ dna - ide whether

a-’ ,, a - ’ a - ’ - a- a - ’  ~ a, a-a- a- - ‘a-. 1 d sI -p - 
I’ ‘a- a - a - ,,,- — a-~a- ‘a-a- a - a - , ’  I a - ” ’-  a- a- a- a- I “a- a- a - n t ’ , a- pl a - a -u” a - b a - a- 

i t  v
‘“ a- a - ’ - a-” - 

a- 
a-iS a- a - a - a-’ a - a - ’ I - a- a - a - ’ ”  a- a- a - a - a - ’ l  ,‘ a- a- a, a- r t h a - a -  a-” a -a - a - a- , a- • a-’ . , ¶ “a- a - - ~ a- a- ua-a-t a - on

a - a - a -’ NP’ ’ -. a-a- a-’ , a - ,’a- ‘-t a - a-.’ - ‘ a - I S ,  i - a - - ’’ a- a - a - a- a - ,~~ a - a - , a - a - a-,,r l a- ’ l  a - a - a - a -  a-a - a -- a- ’a - ’ ( a - a - ( a - n i,1’ (’a-d

a - ’  : ‘ c  a - I ,  a- ’ a - s  ‘ a - ’ l a - ’ a - I  a - ’ a - t ’O  a - a - -  t ’ a - ’ ra-’aa-T” ’-,l a - i a - a -a - i a - a - I  ‘ a- a - a - p a - a - na- i a -  a - a -a- n a - f  the

5l a - , a -,’, ’ a-O ’’ . ~~ha-’” 
1 a - - a - a -  •a - - a- ’”’ a- a - - ,a- a- a- o r ‘, a - ’ - I i a -a- ‘a- ’, ’ i c ’ a - a - a - t, O a - ’ ‘ h a - .  u’, a - ’ a -’ a- l a - a -  a - dc ’’,

10 ‘a- a- ” ’ ’ ’  a- a - a - a - ’  a-, ’ -
’ ’ a - a - a - a - ’ ’, , , a - a - -a - - a- - a- a- ¶ a - ’~

a-’ a - ’, a- ’ a- a - a - a -a - , I a - - r c a - a - i a - i a - ’  a ’ce,JIIflarv- c v-

c - a - - a- . a- a-, a- ,. a- a- a- a - ’ ”  a- a- a- - a - a - a -  ‘ T a - - a - -  ‘a-- a- • a- ’ a- - a- ‘ a- a- a- a - a - a -’ a- a- a- a- - a- a- I r a- qgered
a-, a-- a- ; “ a - a - a - a - a - a - a - ’ ”; a- ‘a- a - ’  a-I a- I ;- a - a - tc I a- a - a -  I P a - ’  a-’ a” a- I ,‘ a - a - ’ .a - a- ‘d a - a - a - a -  t u n a - ’ ( f the

a,a - a - ‘ ‘ ‘oa - ’  I ,  a - “ - a - ’ ” a - a -’-; ‘a - a -  a “k’a - i ” a - a - ’ ’,a- a- h a - a -- , d ’l a- ha-’ r ’:,’r’a-a- a- ’, i a - - r  c a -,-ra - a- aa-ned
‘.  ‘ a - a - a - ’ - , ’ , , ‘ a - ’  a - a - - a - a -  ,a ’ a- a - ’ ’ , a - ”  a- CO La -  ~~

a-, a - , a -, - a- - a - c a -  I a - ’  T a - a - a - s  a- nteqrated p i cture
‘ a -, a - ” a - ” I  ‘‘ “a- ’ ’ ’’ t a - a - I a - - na -,- f  a l l  ‘ N a - a -  a- a - -a- a-a- a- ‘ a-a - a - ? ’  a - a - i a - a -a - ” a- a- a - a a - ”a - a - ’i a - a ,  use d as a- ha-’

a- a - ’  •“ .‘ S ’ a -  a - a - a -  a- a- a-a-a-’ a-
- a-a-ra-’i” a- a- ’ ‘ia- ~

‘a - ’ ’  a-— a - a -  .a- t a - ’”

a- a-- a- a- t a - a - a ” ’ ““ a- • a - a -a-,’ a - a -’ - I a- a-a- ‘a- - c  • a-,,i a- a- -
‘ 

a- 
a- 

“ a-a- ,a- n 1~ Ic na-a-.”d a-a-a-d -
- a-” - - a- ‘ ‘- ;a- a-’ ’ c  a - a -  a- ’ i’. I - “ a - a - a- a -a - a -”

, 
a-a- 1a -I a- t a- a - a - a - ’a - a - 1 ‘ r f  a-~~~ a-~a- a - i a -  a-a- a - n order t~ ver i f y

a- ’ a - 1 a - ” a - a - a -a - i a - a -’ a - . a- ‘ ‘ c ’ a -’ a -a- ‘a - n ’ - a- 
- a- I - 

~ a - a a - ’ - a - a - ’  f n a -’a-” a-a- I i’  a- ab a- u t t’a-i * t 1~ f leld
a- , a-’ “ a - a - -a- a-’ r’a-c a- ‘ a - ’  l” a- a -a -a-’ l r - , qqera-a-d. ~ba-a- ‘~r a - t Ta -a -a - a -i c Sela-’ tor a - a - a-

a - ” ” a - l -~~~r a - ’a-’r’ ‘a-’ a- ’ a - a - r a - . a -a- a - s  w (’ a - C (’ ‘a- a- ba-a- o e ? r n d i r a - q cl,as’a- a-”c a - c the most
p. a-

~~~~~~~P ’ t  a- n a- ’ a - p l - a - a - ’ a- ’ , Thi s d e d c a - a - r  a- a- na- he made , again a- by s pve ra -’a- l

c a - ’ ’ ’ a - ’ ” a - a - a -, a - a - a - ’  a - ’a - a-r” :a - le: ( I )  l h ~~ c i , a - -~” w a - a - b  a-h a - ’ h’i a - ’iha-’a- c t  p l a u s i b i l i t y  on

a- I”- l a - s ’,,, na-) I a - a -a- c a- a a -,s a - a - h - a- a-’ a - c ‘ - - a - - a - a - a - s t  to d a - s ; r a - a - v e  a-i a-a - I the n, eliminate
a- ,a-

~ C a -  i a - a - - a -- a - I a - a - a - c. (‘k) a - ( ’a-~ c l .a - ’- s  w a - t ”  a - he  i a - a - a c t  a-r~~ urt c-f ev a-a- 1rn~~a-a- f a - , ’

• i’ a- ja-”Y a - a - , e t a -’ . )  TN.’ output ca-f t h a - ; process a - ’. a l a - ’-t of ca-a-a-’ or a-a -a-e ra- a-

a- a-” be —a-” t discussea-I ~ a - t h the user .
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A - a- can be S,a-’a-’fl I n  F’iqure 4-9. the u;a-’r m~y enter h~s own preference

.a- ‘ a-v , i a - r a -a-~~t a - -a - t- , and a- Pie ;y’.t~r w il l obey and follow his directions , The

~4a - IN “La- a -a - CI l’i’ a-a-a-iiiation Selector a-,hoosec . for the classes under

a - , ”’, ’a-ia -’r a t a - Ofl t~~a -’a -v (e4ture~ wh ia - h a- a-a- Pa -a- ’va- t a - a - ;t e~.1 in t h a - a -  field, W i ll have

‘pa - ,, a - a - ’ a -a - a - a -,a-~~~t a-~ a-;~(l On a - h a - ’ ~ a - tua t io n. The impact may be either ~a-oI.a - ta - v ’ --
a- a- ’ ‘ a -’ a - .  a- a- a- ,l a-a- a- a- ‘ a-’ ‘~&) I~ p a- a- ’ ,- :’ ‘ a -I a- a- - ,s - - a- a- ,l : I a- a- a - a - a - ,  a -a- a- a- 

, a- a- a- a- a - a - ’ a- ‘a - a - I t ~ a-’ — a- a- a- a- I a- a- - a- v ’a- a- vn a-

a- a- 
a- a- ’ “ a- . a - a - ,  ‘ t’( a- a- V t’ a- a- ~ a- a-a- ta- a- a - a - a-a- I ‘a-. a - - a - ’ ’ a - a - a -  I ni a- a- a- a -n, ru 1 e a-’- a - t y a-a- 1 a,o t a - t~

. I o d a- ~ t a- ~~~ a- - , Pa-a-

a-’ a - ’ I ’~~v ” .”  t wa - ’ a- I ia - .  1~ ~ a- a - a - ’  a- ia-nt t~~
a - ’ a -a- , a - b a -  a - a - a- qh Impact Sa- ’ l “a- a- c a - a - ’  determ a- nec a- he

f e a l ua - a- a- , w a - a - P a - a- Pa - a- a - h i a - a -h , - a - ,t  i r a - a - a - a -a-a-a-a -a-a - a - t a - o r  a - npa a- a - it the given st at a - ’ a- ia - a f f a - a - a - r’ ’ a- .

. P- a - . a - a - a - , , ~ a- nf o rm-a a- a- ~a - aa - a-, a- ~ I pa- t a- or, aqent a, ‘a- ha t W i  1 1 t a -a -.’ u- - a - ’ d to obta- i a- a -- a- hese

a - , . 3 t u ,- ,a-
~ , a-a- a-’ ,, d a -~ Iea - 1 ’  a- r’ a- a-a- l t a -y t ta - a -’ Infora-nat - a - a - a - a -  Request Generator .

Ir a -a- a- ~ua-a-’a - t ‘ a--n R a -a -a -,~I,’” p.- a- a- “ .a~~ a - - an a - ’v a - a - l u a ta - o n of the c cra -pla -’’ a - t y

‘a- ’ a - a - ’,-. : a - a -~~~~a-- a--— a -a- a -  a - a -a- n a-
~

a - a - a - ’
~~

,a - c t
~~ w a-’ ,~Ia - ’ a - a - ’  ¶~

a- s~ a-,a- a-a- a- ’ .’ ;ir’ ’a- - i a - ’  ‘ ; a - - a a - ’’ a- t a - ( t ’, ‘ a - a- a- ’

c a - a ”  t a - a - a -  i r a- ’,w . a - ” a - a - a - i  by a- Pa- a -’ a - a - a- a- ’-’” Or ‘.h a-’ a-a- I-a--c t a- or ra - ’ c .a - a - a -  a - a - ’  a - v a - ’a-a -r ”a- i I  a - a r  Qat Pa -era -nQ ,

I’a- ,. a - - ’r’; ’ a - r a - ’ t y  a- a- - ; a - a -- a- a - s ’ a- a- ’ a - ’  a - a - y  ha-’ a - ia - a- a- a-j ,’d ta -v ~~
P’,a - a -~~~~a - v - .; t a - a - . ’  lo cal a - ca -

a- • ( ‘a-a - a- a- a - ,a - ’~~~rC a - a - a -  - ; a - e , ’ - - l a - ’ ”  a - ”  a - h a-’ ~ na -~~~1 a - ’ a - a -a-~q’ baa -.” b a - a - ’ r,a - a-’ a- y .  Low— lia-~~- 1

‘‘‘ ,a- ’ - a - ”’’s ca- i a - ’  be a s i a - a- a-I - l a - a - a - ’ , ‘a- a - a -  w h - a- i a - a -  a - a - n  h ig her— a - ev a -a - a - a- a - a -lu’ ’ ’ ’ • a - a -a-, Cost a-

a - a- ’ - a-a- ’a-’ a -~~~a -” -’i a- • . a - a - a -a - .  “u s a -  a - a -  a - ’ ’ , I l a - a -,a - I a - ’a - l ,  : r a - t (’a-a- 1 - a - a - t a - ’ ”  ca ’ a - a - ’ . I~ a- a-

a-fl4.’’s! a- a-’ t, ’;I QO ‘( ‘ • ‘  ;(‘ :c a- a- a - ,~~~,it a - -  a- ’- Pa-’que ’a - I ~ a - a -r -e ”aI ia - a - a - -  a r -a - a - ha-’ c a - a - a -  a-~~a- :c ’d
a- 

, 
a- r a-S.’ a- a t  a-on I a -

a- • he a-a- ‘a- a - a - a -  a- ‘a - a- a - a- a- ty a-a - a- r a a- a-~~ a - a - a - a - c  ‘ col a - p a - a - a - n a -; ri ’s ca -a-a-a- a- a- a- - .a’ ~

a- t a - a -” u a- I a - a -  a- a- ’ a - a - i  the a- r a- a- -a- ra-”,,a- ¶ a - - c  ra - -~ a- ’ a -”a-~~a - 4 a - a - ’a- ted a- a- a- Pa - a - c - v a - ’  v’ a-a- a- i a- ’ a - c a - a-, a-’P a - - a-

a - P a -.’ a-,a -’ u at sa -a-r , Ar’ a d a - i ’ t a -a - a - r al ca - ’ r a - a- a - i d e r a t a - a - ’  a - ’. c - - I ta - c -t he r a -nq t h a - user

w a- • I a-’ a- v i a 1 1 ‘s a- , a-a- a-a - a, r a-a- ’ a- P’ ‘a-u.” a- a - t a - a - a -a - a - ’. ~~ - ‘ a- a- ar’-wa-’ r’, c a - a -a-’ a--n der a- a.a-ed f ra - a-a-”

previ a -ti S us a - a-r ancwa - - r s .  Oa-” a- a-’ a- ha-’ new ‘set a - f  r a -” a - a - a -~
e a -, I a - ’ d  f e at u r . - ’ a- ~s qenerated a- a-

a a-” a-’w c y c l e  c a - a r ’ s w l ’ ~a- a- ha - - user p r a - a - v a - a - t ’ n q  f e a ( a -a-, r , - ’ , v ia t P’a-a-- fea t u re ’  entry
‘a-a-a-” I -

~ a-’ ,

4 .~~.2 S~aiv~ary Generator . The S~rraary Generator produce; a qca - 1 -o r ie nte d

a-iec~~r1pt ~ ca-r of the ril litary situatio n . The produc t is equivalent to

t ’a -a-a -’ i n I e l i a - a - a -’a- v a - e e ct i— s a - t a - ” doc L,sa-aent nc~ produced r’a- anua ll y by the G2 .
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Figure 4 - l - ,a- a- ‘a- a block d iaqa-’ am of the S~rina ry (‘a - a - ’ a - i a - a -a - ’a- a- t i a - r . Prev icu’ , - a - v a - t a - a - a - a - a - -a- ,

suc~a- as SHROLU ~~in~grad. 1973) and PROSP(CTOR (Duda-a . a- ’t al a- 1 97’),

co n ta -tin ca - a - a - a - li j r functa -or ; and usa - ’ t Pa - a-~ ca-a-me patte rn match a - a - a -a- tt ’ c ha - a - q u e
a- de ;c r i ha-’a- t below ,

a- T a - a -a- a- T a c t i c a l  Ca-it eq’ - a- ’ :’ Se ia- . t tOr a- a-a- a - a - i a- a- a- f a - a - ”  the i ’ - - t a - ’ a - a - a -’,a I a - a -a-i

a , ’  I a - a - a - a -, I~~ a- ata - ’ ; c a - ’ a - p ’a- a- a- a - a - ’  ~j  subset o ( a- nd a- a- i t  a - a - a - a - ;  a - i a - a - a -  C a - u  ,‘ ‘ , a - a - ,  a- ~~~
‘ a-~~ 

a-a- a - a - a - a -

¶ h ,a- I ~ a- f a - a - r~ a a-, a-~”a- a - a -~I a- ’ C a -  - a - v  ,‘ r , a - a - a - ’  a- a- ~ a-’ a- . ,a - v .a - a- ‘ a - a - t a- a - ’  t a - v  i a - I a - ’ a - ’a- a - -  a- I a- a- _ a - a -  a- ‘ a- a- th e

,,,__ ,a- i a- a- ’’,. ‘a - a - ’ ’, c a- a - a - a -a- ‘c a - a - - ’ : a - -I cl a - ’,;a - ’a-a- ‘-ha t w a -a-a - i t  a - ’ a - ; a - l a a - n  the l a - a - r c a - a - - a -a- I a - a - a-a rt

a - a -  ava a- 1 abi a-, a- a- ’- f a- ’”,a- I I a- a - a - a- a- a- 1 a- c a - b a - o a- ¶ ht’ ma - sa, ‘ a- a- a - a - a -  a-a- 1 s . TP a- ‘a- ‘a -uta-~pt

a- ” u ’d u’ a-a- a-a- a- a- v c a - a - r a - t a a - r  , ‘ra-a- a- a- a -a - a - a - ’ ”  t h r u- t a-i a - a -a-I add a- a- a - a - a - v  , a - 1  ‘.a - a -c a - r a - ia - a - r~ e f f o r t s ,

C Fo a - ’ ,~~~ ,a ra-~ ;a- a- a- a- . ¶ a -~a - a - a - a - ’ a-~r’v w oa - a - a- ’l a lt . -a - c a -  c a - a- a- a- ~~‘ ! b  a a - a - a - c a - a -a- i a - a - ’  i a - - v a - i  f c - a ’ c a - a-

t a--’ ,’ _ a- a- - a - a-’ ,a- ~ a- ’ r t a - ’ ,a - 1 — -a- - u a - ’ t a a - a - ’  a - a -  a - v a - i - t a -’ ’’ , ) 7~~
’ a - a -  J a - a - a -a - u a -’ A t t ” a - t a -  a- - a - a - ’  ‘

~~a - a - a - a - a -  t ( - r
a- w a - l i  a - i a - a - a - a - I a - f ’,’ ,, h a - c a-~ a - a - t a - a - a - h u b ’ a - a - a -  a- a -a - , . a - a - a - a - a -a- I n c a -  a - l I a - a - C~ a-i a - i ’  a-ir a- a - a - a - i a - a -  and

ha - - a-
c ;a-a- a - ’ ’ a - a- I~’a-a -” a- a - a - ’ a- 

‘
~ (‘a - a -  a - ,  .“r’a-a - ”a - a - t , ’a - Ia- a - , ’ ’. “ca- I a-a - a - v a - a -  a - c ’ I - a - ’  “a-” ‘‘‘Ia - ca- aQa )a-a-

a - a - -I .i :a-i a - ”  .a- a-’ a- ,t  a - P a -c ta - a-a ’ ’ c s  a- a- ’’ a - a - a -  a - a - I a - a - ia- I a - i a - n , a - a - a - a -  a- a- a- ha-a- a - - a - a - a - - a -t a--I a - a - t a - a d

a- S a- 
a- c a - ’  a- ’ . a-y” ’,’’ a-’ , a- a -a - a -a - i cI -

‘ a- a- a-a- , I a-” s t” a- a - a - ’ a- ’a- c a - a - a - a - ;  a - c a- I a- na-rI t act ical a-a-a- i a,a,a - lea-s

r a - a - I ” a -a- a - r  t ba-,a-r a - r’,a- a- a- a-.ua l , a - a -’ ’ a - ’ l a - a - ’ - ’a- ‘a- upa - - o r a -  a- IP’a -a - ’, ‘a - a , a - ” ;’ a -a -—a - - Iaa - ’ a -t iv - a- c rra -ata -on

I - a - ;a-— - ’ a - ’ a- a -ut.

? (‘a-a-a- “ ,s-r’,i r , F’ a- ’ “‘a- I a- a - ’  a- a-’ (a- ’ r ~ a- a- 1 a- Pa-ca-ca- ‘a - . ’  f a-’ a- r’ a i i  r’ a - ted  a- a-’ a- a - - f

s crrlry a- r’a” a - l a- i a - a - a - a -a- I Pa -a - a - a - r e  ‘ a- a - a - a -  na - a- thp cc , r, ’ a - ” a -’ a- c i  I a - a- a t a - on  a - a - a- , a- a - a - a -a-’ I a-a-c”’

— atc h a - a -’q t a -’a-c a-’a- a - ’a - a - a -]U a -a- , ~~ “a- ’ - a - a -  ‘a- ’a-r p~~a - il n ’- w a - i ’  t a - a - - dea-- a -~~a-’ a - l ~~rc~” a- a-~r rea-” t

— a - l a -  tary r a - a - p a - a -rt  a- r a --
~ a-a- r i’ I a - c a - - -, . F a-r a - a -a - a r -a - a -l a - - a- a - a -  r . ’ p o r t a - n a -  enemy a t ’a- a - a - t I

a- he a- ’*’a-a-a-’a-r ’ “a- a- a-a - a -  i ra-a-’ lu - l a - ’ t Pa- a-a- tarqet of (Pa-a-a- a - a - t t a - ac I , when it w a - li start a- 
a-

.a- (’ a-a- • is I”” , a - a - r  ‘hr a - i s a -  • weaa-’~a-” cyc ta- ’a-ea-c a- a - a- a - a -I ca- ca- w h ic h approach route,

A l l  ,be;a-’ are ca - a -n a - a - a - n ed a - n a-he a - r t a - ”a - ’ a - ’a-a l  ra - ai l a - ta - iry knowledqe base but the

!a--Wa-’c ’a-iteS w a - l i  be standa rd fonnats for rra- a-~a- r t a - n q  all aspects “a-f a

recognized a’tack. The sta-mznary tcr la - la e data base contain; all these

a- era-p a- a l a - a - s and it “- a-iy al so include persona i c cmvnancler preferences . For
p 

example , he a-a-a-a-a-a y 1-ike to know wha t is the main object ive of the enemy

force fir st , and then its tank force strength , The st,rra-ary templates
I
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‘
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a-

Ii ~~~~~~~~~~~~~~~~~ - ~~~~ a- - --_, - ?, ,,_ a-,~~~~~
_
~J~~~~~~~~_ _ _ , _ “~~,_•a-~
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~1

- ‘ “ ' “‘ “ — ‘ a-

a- 
a- a-

a- a - ’  ~ 
- a- a - a - a-a- , - t a - a -  -

a- a- a- a- ’ a-a- ~~~, - a .‘ a - ’  a- a - ’ ’ ’ ‘~, ‘ a- a- ~~a- a- a- 
- ~~ ‘ , SUa-l”

a- ‘ a - . a -  a- a- a- ,~~ L a - a -  a-

a-’ a- I a- a- a- 
a-

‘- la - It ’ a- -pa-a-’~ a- .—-- ~~~a-
a - a - a - a- ,

! 
‘

a- I a-
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woul d t y p i c a l l y be different for differen t main enemy miss ions , a-’ .g. , in
a- a J~~’l a - a - f l ’~~i ’a - a -’ a - a -a - S5 a - c a - ! a -, the terra in ana l’a-a- -,is with pos sible avenues of approach

;“a-oul d be c a - i v a -’n before de~cr ib a-ng enemy forces present . w h i l e  t Pa-a-a-

a-a- v ”a rag&a- r’e’ nt  r r - a -g ht  ba-a- da -  a- fa- ’ra-a-rt fo r  othe r miss ions.

a- “he a- u’i”ta -~~’ F a-
a-a-~~~~a - a -  a - e r  w i  a- a- ;elea-c a- the sa-,rr a-a -ry temp late most

,a- ,a - ; - a -’ a- a - ; a - a - a - a - , t , ’  f a- ,a - a - ’  a- Pa- a - ’ a - v a- ) i a - ’~ a - ’ l  S i l u , a t i a - n  ( ia ’~,’
, ! a -’ a -  a- ’ a - a - n ize d a - n Phasta-

: t a- b a- a -n • a- I 1 a-, a- n a - i l  a- I Pa-a-’ ,*‘a- ; a - a - ,’ a-, i c a - t s a- a-a- I Pa- a- t ea-a -a-a- i a-ate a- a -” I a - a -a -~ the spec i f a - c
‘ i ’ ’ ’a- a-’!” , i l a - a -a- !’ ahcu! ‘ a - a -a- ’ s i l u a t i a - ’”a- a- a - t a - t a - a - i a - a - a - a - a -  a - a - a - a-I v a - ’ n i f a - e d  during the

ra-,’ a- C a - a - ’ a - ’a - a -  a- ;-( ‘ , a - a -. a - a - a- ‘ a- a- ’ a- ‘a- u; ’ ; ’ - . - ‘ a - ’  a - 1 a - ’ l a - a - a - , ’ ra- a t e  atta - a -~~I was ra - ’ c  2 a -’a - a - ’ f ’ a l

‘ a - a - a- a- ha - a - ’— a-~~
a - a - a -  a - a - ’ a-~

” 'y I ’, c I a - c a - i’ ’a - a - ’.’ t a-a- a - a -a- - a - ’  a- a - t h a - ’ ; a - ’a - - a - ’ a - ’ a- ( a - f  a-’.’

a - b a - a ,  ~~
‘ ,j a - , ’, a- a - a - w a - ’ a- ‘a - a - a - i a - a -a-i a - a - a - a -  a - h a - -  a - - c a - w a - a-a- I a -a - -  a - a - a -q a - a -  (~C i ,,’ ‘ - ‘ a- a - ’ u’ i i ’C~

• a - a - a- ’ a -a- ba -’ - ‘a l a - a -  t a - — a- a - a - c ’  a- a- a-a- a - a - a-i ‘ a -. a - a - a - a - a - n a - :  a- a - a - na- a- - a-a’ a - a - a - ’ a -~~’-1op in q a - a - ; c ,a -ult .

a - a - a -  P’ 0 I ha-’;e a- a a- a-~a- a- - - a - a - a - a- a- a- Oa - a - a- a- a - a - a-’ a - - ’ a-a - 
a- 

p,a - !a - a - a - i a-’ ~, i~a - ’ ;i’a-S under

Ia - ’ ~‘ a - a - i ” ° t a - a - a - . a - a - c a l  a - - e r a- a - - a -t a - i a - ’  ( - - ‘ - ; a - a -  ~ d0~~ Li ” a - a - ’- ” a - - ;  - a - a - a -  a - - f  r a - a - a - ’ a -~~
a- a -a - ca --a- ’ ib l e

a - l a - a - C ’  a - c a - i a-~ ’ a- a - a - -- . : i a - - a - -a - a - a - - a - - -:—:~~). ca - l i  I a - a - ’ - - - ‘ a - a - a -  a - a -’a- a- act; a- a -~~~a-

a - a - a -  a- ‘‘ 1  1 a - - - - a- ’ a- a - ’  ;‘ a-’- ,j ‘ a’ a- a- a-~~ a-, a- a - a -  a- ‘ a- a-:”a-’ a- a - a -  a- I a- “‘ a - a l ’  ~~( a - ’  a - a -  a- a- a - a c  I , a- a - a-

a- a- a- led a - a - a -  • a - —’ : -  a- a- a- - a- ‘ a-a- a-~~ a- a - a -  a - a -  a- ‘ j a - ’ ’ a - ’ a-~~~ a - a -  a- a- a - -  ‘ a- a - ’  ~~
‘‘ a - a- a- a- a - ri ca- I a- ‘a l a - a - c a -

‘ . u a -a - ’ a- y ; I a - c ’ a -  w h a - d a-’ a- ; a - ’ a - ’ a - a - a -’ ,a- I a - a - - a- a-- a - a - a - a - Ca - a - i a - il o , a - ; ’ a- ‘ ‘a- - a - a - - a -  - a -  t a - - I  a- l~”a-’ u - a - ’ ” .

~~~ a - ’ ’  a - a -’a-” a- a - a - a -’a-a - a - 
~~a-’a- ; a - a - a - ’ ’.a - ~

‘
a- .’a- ’ a - a - a - -a-a- a- - a-’ . T a - - ,’ : -  ‘a - a - ,~~’,II’ r Pa-” a- ’a- a - a - a - a - ’a - a -  ( I R )

a - a -  a - ”  - ‘:t’” a - a - : a -a - a - -a - ‘ a - a - ; r ’  • a -r, : a -  a - a l a - ’’ t~~~
a- 

a- a - a -,t  a- ’ features
a- 

a- - a - a - -  a- ’ ’ a a - ’ - a - ’ a - , Ia - ’ a - a -  a - a - a - a -a - - a - - a- a- a- a - a -  a- a - a - a -a- a- a - a - a - a - a -  a-~~~a- -’—’ . ’ l a - - r- a- a- b a-a - a -  a- r a - a t a - l r e -a-

each a- a-’ ’ -  ‘~~~~a-a a- a -on a - ia - a -a - u a - c a - f  a - on sa - a-, ra - a - ’  a- a’a- ct a - a - i  a-~ ) , ar- I the a- n’.t; i ra - a - a -  a-~~~a- a- i t  a - O f l

a- rI a- ‘ a - ’ “ ‘ l a - a -a- a - a - a- ’ Ia -’ a-~ a-a - R I  a- - ’  ca- a- a- ‘ -a - a- coc a- a- a - a - f r a - — a  a - a -  ca- a-a-a- ac oui a-, a - a - a - c a - n a -  tasks.

a- ’ - P” a-- -, ‘f l a -’ the “~‘sI cO st_ v a- fa - ’  a - a -  a - a -  Ut a- a - a -  a - a- I a - a -a -ca - a - a - ’ a- a-a-a - 1a- a- a-a- a - a -- a- a--”’a-
~,! I i  ca- ri

CO i a - a - a - f 
~ a- r ra-a- ’a - ,”a - J r (a - a - ’s n l~~ a- ha - n ’ a- ha-a- va lue a-a- ’ the e~~pec ta-a-d ‘informa ion

a-’ a-~~a-a- a - a - a r a - a - r n t a - a -  t”ea-i r upon a - a - a - a - V  s i t u a t i o n  a - a - a -a -’ se’a-;ra-’T’t process. The

¶ ‘‘a- ‘a-’ra-” u l a - a - s were q a - v e ’ a -  i a - a - Sec t i ra-n 4 . 6 .? ,
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Ipa-ta- i nput to this system (shown in Figure 4-11) Is a priority

l i st of needed a-nfo rmation item s as generated by the high impact

a - fl fa-a-I”,tt lO fl ;t’lt’ ,to r block in Figure 4-9. Together with the information

i a - a -a-n”. a- this a - i lgoritPra- needs the expected utilities of each with respect 
a-

to ‘ r ’p ra- ’ v i nq  ‘a- Nt’ 1 a - t u r e  a-c f  t hai situation. The al goritPri uses the
fo a - l~~a - i ng a d a - i a - I i~ — n d i  a - n f a- ,a-” . a - a - a - a - - a - a -: (1) the cost in time, mi l i tary . -

r t ’ ’ , a - a - 4 r a- p a - a -  a - a - r I  a- a-
~~ f a - , r t  a- a - a -  t’~~a- Pa - I nforwa - a- at io n co i lection resource; (2) the

c v a - ’ V a- ige ~“~~c a - a~~a t l , -r -- f rciii whi ch needed information i tems can be

a - a -b a - a - a -a- ned a - n ,a - ,a - a - a-’ “ ‘a-’,’, a - a - a - n  of a- Nt’ co ll e ,t ing resource; and (3) Conriander

: a- a - ’ a- a-~~
’
~a- t a- - - a - a-a- a- , , a - a - k ’ ’ a- I a- a- a- a- a- ’ a -  I a- t a - a -a- - -  ~~ i Lh a - r c a - ;tandi a a-~ ,‘ a-’ a - ;ue sts pla ed by

• Pa - a -~ L-a - ( ’T ’ d T ’ d a - !’ , b a - r “a - a - ’ a - a -  a- :ut ’.ide t ha - a -  ‘ , , - - a - t & wi- demands. F rom this information ,

a - a - - - ’  C p a - a - ” i : a - r- ; (‘ a-- y e a - a-a- a - a - a - a - A l a - a - a - a - a - a - I~ ra- produces a l is t of a-nforma tion collection

“ - ‘ a - a- a-a - a - o r’. and t ” a - - c a - r r a - ’ s p a - a - n da- ng In for,a-,atia-cr Request for each. The

:a - ’ a - a-’ a - ’—
~a - a - t i a -a -a-a - Rta-c; ut a -a - t  Fo rmatter t ran~~

a- c’ a’r’ a- , t ht ’~,e ra - a - a - s sions into acceptable

:~ ‘ s a - ”  I a-”a -v a - a - - a - a - a - a l “a - l a - I  an y  a- c”,a a- , a - : ,a - ’ a - - a - ’  i i a- ~ a-i hioc l d ia gram of

I a - a - ’ :a -a- a- a- a- ’—’aa - a - c a -r Request Gen er aa -a-r.

a- : a- 
‘

- a- a - a - i a - aria - i a - l a- a - a - a -’, Ga- a-nera ’a - ø r .  The [ a - a - a - l a na - i a - i a - a - n  Generator (Figure 4— la -’)

a - - r ’ - ~
a-
~ a- a - - - , aa-’. a-a - wa - ’ a -’; a-n ~ by ? ”  ,a - a~a-I “How?” questa -ors posed by the G2 to the

-
a - a -  , ‘ a- ’ ’ . :a - a- a - a - : ’ l a i r a- a- ha - a - rca - ,, “ ‘rig ;a -r a -’a-a- a- ” a- a- t P’ a-a - t  i t’d to a particular

(a-- a-’ luc i a-’ a -rI a -b e i t a - ” a - a -a- ~f ‘in ’ca- rra-,a-!’a- on whic h cc r a - ?ra -b u t ed to any chanqe

a - a - -  ‘a - a - a-a - : a - a - c a- ua - ’a - ’  a- a - f  the s a - t u a t i c a -r .

n ~a-gure 4- 1
,’, the a- np ut s to this process are explanat ion demands

.a- a-’’ c a-’ a rt” a-a-r “ a-’ Iuca -a -d by the “‘-a-in ”'’a- ich a -ne dialog a-a - a -~ t a - c y ’a-tem. The Top-ic
‘a-~a - a - a- a - a -r a - a -r e Resolver identi fie s which dialog topic the question references.
F cr exara-ple , ‘a -Wh y ?” may refer to the last conclusion presented by the
;‘,a - a -,I,a-ra- o the va-er. ~a--e Dialog Topic list contains the recent sequence
o’ Ic a -pi cs w h N  werca- touched by the user or the system . Once the topic
0 t’ a- ha-a - q ue c t a - r n  Is identified . the exp lanat a-ca -nc are generated by fil li ng a-
ha-a- flaps ir a standardized set of Explanation Templates.
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4 ,8 Knuw1ed~~e E l i c i t a - a - t i o r a -

a- 
Ar ia- a-a - po rtant part a-i a-a- the APT I’ a- a - W l a - a -~~;t’ b a - i s a - a - ~nn’ - t ruc t1o n is the

v a- 
~ -~ a- tat a- a- ’- n of ixpert knowledge . T h a- s a- . t ’a - a- a-on -

a
- ” 

a- a a- a -a - ’ I he rnethoda-~ u s e f u l
a - n t a - a - c i t i n g  t ’~ pert knc a-w ia-”Jqt ’  a- a - a - a - a - b , - ; ‘ a- a - a -~~ I a - a - a - a -” described i a - a - Sections
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we li st for each class those features wh ich are significant for its

recognition. Next, estimat es for and are obta i ned to quantif y

the sens itivity and spec ificity of a feature .j for recognizing class

i . T hese t”,t imators do not have to be poi n t estima tors. For pract ical

purposes . Interval estimators , (e.q., between 0.10 to 0.20) are

su ’fic’ent , since correc t deci’~i, rr,. whi h are based on the aggregate

e’, id~ rce in many observrd featt.sro . ~trr not very sen sit ive to non-drastic

changes in the P 13 and P~~ value s . ~ course , rigorous sens itivity

anal~’c1s wi l l have t o be perfortned with the know l edqe base tha t will

eventua~~y r’erqt . ~~le 4- .’ ‘,hc’w an example u~ a scale that can be

used f~’r t~’~ c pur;~o .r . T’ ~~~~~~~~~~ ~y 1 ~. r~~ al~.o ir. i ’ ,rc’ t ir~q

• on’ . to b~~~~,rr

A ~~~ o f ,, ‘ i~ ~~
‘ 

• v~ç t ~t (’r ; ‘r ( . c~r~~r , can t~ ’ dev .i~ to ;sr ~~v d e
the ~‘ p~.r s w ~

‘ ~~ :‘ r deve p ng h~ c# pa o rn~~ . T ~~~ ~~ ‘-c or ~~~ w i l l
11 , ~~ ‘ de P’~ e~ pert through all  the tvp. r . 1 acc

P~ar~i r~~;at ~~ , ’r . ‘ t .n ’~ h i ’ . ar~~~~rr ’.. m d  d ir o~ t 1 v ~~ro rate the interna l

0’ clic’ .e’. fratures and probabil i ty es t imates.  ‘
~~
‘
~~~ role

.
~~~~ ~~~~~~~~~~~ P’~~qH i n t s~ r.i~ t i v e  prot~.’,~ ”, f c ~r ~-an- r’,.j (. hine interface is to

‘ a~~i
1 i t a ’. o c t . ~ r~~n~;. ~~~~~~~~~~~~ and r e t r ~~ev1 rO data; to smooth the

~cEr~ur 1(~~m t j c r .  t~~ar.re 1 . between t’ . ;’rr c~ and t o  cave everybody a lot of

~‘~~‘ .‘ ‘ ‘‘rt reg~ i red ‘ ‘ 
~
- e’ de vr1o;r~’nt of these programs

c ~m r q 1  ra I 1~~ pa r e d  thr ‘..i~ mn ~;’~ i p or ts  ‘ and ana lys ts ’ t ime .

Sta9e 2 :  Class e re nt i a ti n r l . Havi ro establi shed the init i al

pat tprrs  for afl t hø’ cLiscec ir a given battlef ie ld aspect, the

d if ~~ rer ’t l a b i 1I t y of each ralr of classes Is exarined . The experts

are requested to list ~~~ features tha t differentiate between each pair

of c 1 acces. T P~is may Imply adding new features to each pattern or

modif y ing the P 1~ or P~ va l ues . At this stage , we ensure tha t any
pair of different situations can be differentiated by means of observable

features.
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TA BLE 4-2

INTERVA L ESTIMATES FOR
(XJANTIF YING CONDITIONAL PROBABILITIES

— A l ,~a~ ’, P • I

- Ve r i  Probable (l.90~.P~ l

P - rr ~~~aHe C) . 7f ~ P~ O. Q

- ~requev’t

- w-~~~
...’, , fl ..~~. i f l .S

- pare 0. 10- P 0.25

- V e r y  0 m r e  0 P 0.10

~i - ~~lever P e O
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The nt.riber of pa irs for each aspec t of the ba t t le f ie ld  is

M(M- l~~ .’, where N i~~ the nianber ~f classes in this aspect. Since P4 is

,~~~. .~~_, . , ,~ f ¶ ? ,u’ f I ~~i’ , i f d  15 1 ‘~~~ a Aa , 1. ’ . ’ . tP ~~
, ts - ~ , the

n~,,rbt’r ~~ ~ l 1  pes’.ibl e pai rs i s  m~ na ’i , t t l e .  The computer may also assist

~t t  thi s ‘.tage by d isp laying pairs of pattern s and computing the

Ji sc ro - ~~na t i .~r pewer of each feature in the e pat terns.  This can be
¶~ ‘ i • f~~’~~ n’ t a nco  . by Sha r.rior ‘ S I” ‘v1~~ t I ~fl ~~~~ sure .

Sta~ ’ 3 . ~t ’a t ure  C~~ar ,t~ ¶ .~r1:a t1on . :~ ;~Psiso : f~ d ~ the i. la~,ses

~~~~~~ a ’ . t ht • r’s.~ r. r.r”t o~ 
,- o f i’ r f ’~’~ e .  ‘~t aQe . ~ i’’ ’  the da ta 4 ror~

~~e fea ture pe” ’  p e o t l v C .  Using t he  cIa’ ’. pa tt er ’ s , t ’ .’ 4 t ’itu r t ’ patterns

a • ro~ t ed a ~ 
‘p~ i’’ ~~~~~~~~~~ ~~~~ 1 ~ • 

• • ~~ h . a  l4 re 
• a ll t ~~~~

.‘ , .mre ~yed for w h i c h  t na ’. s i~~ri~ icant , t o~~’tho ’ ~ i tb  th.•

‘ ‘ . s po r d~~r~ P ,, and v a l ue ’.. i r ea c h  ~e ,iture , the li st i s

rev ow ed .i “ .~ ye r 1 1 i’d so t ha t~~ I t hs r~ I v an t  c la s’ . i’ ’  ( 
~ h 1 4 .-a t u

a”t ’  ‘f ’ ¼ ‘uded . “ t~~e ove rt  t 1’a t  a re l ev ~~rt  c l ass  i’i m iss~’ ;, ¶bt pattorr

.~~‘ ~~‘is class is updated to ~“ 1ude t h i s feature as well . Th~ P 1 f and

P value . are als rev i~~ed for different clas ses . a”d th is may suggest
-~e d ’ icat i  n. . to  obtain a ~‘ors ’ a p p r o p r i a t e  proport i r’ for the d i stribut io n

~~‘ t h is ‘ o a t .~ re ove r  I t s  re levant  classes . Thi s stage ~ expans ion and

re f ine~ ent w~ u~ d i—p ro ve  ¶ f  a ~roup of ex pe r t s  m~ ç n ’ ,ult~ d. Severa l
.‘ ) ,;~~,‘

‘.~~~~r.’ iv.i~~~it’ l~’ f o r  q r r ,; i l i c i t a t ~~ r v’~~~”~’~. ru t . h~~ t

obta~ ’ the ind ividual (ort ’uh u t ~~ n ~r Y’ each of the group members , and

second . h~~ to aggregate the individua l contributions into a sing le
product. :n. the  c o r t e r t  of e li c i t i ng ta& t i c al intellig ence indicat ion s .
,‘ohrs~~n (h r ’ )  d iscusses br ie f l y the Delphi method (see also Linctone
and Tur~”, 1975), and an operational gaming method (see also ‘ ‘ lu t li

10 5). Also . Perceptronics has developed an in terac t ive  group decision

system (Lea l . et al , 1978) wh i ch elic its and aggregates member s

probabilities and values . These methods and others should be further

explored .
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5.1 Introduction

The system described in chapter 4 i s  a researc h and development

effort ai m ed at producin g a comprehensive demonstration of a situation

a ’ , , e , ’ , i ’wnt system . This chapter inc l udes a disCussion of the various
r i - ,~ s tha t must be assessed before such a major effort can be started .
The ~~~ area’, of concern are : (1) techno logical imp leme ntab il ity,
nar~’l w~iether the hardware ne’(t’ssary to impleme nt su~ h a ‘.~stem will be
a y aila ~ le for the m i l i t a r i zed  requirement’., (‘) technical fea sih’lit y .

•‘) o t 4 wr such  a cis tern can be bui l t  at a l l  and can provide the level of
i~rfo r-~ance c laime d , and (3) knowledqe ba’.~’ considerat ion s , whether the

app r o;ria t e knowledge bj t’ can be constructed an~ ma inta i ned . Tb.~ relat ion
between the ‘A s,’ster’ j.~~ ,‘~~,rs T~ ’ . , ‘ ,t er s ~ ‘ ~‘~~‘C

4 it ‘ !~~ ~~~ .~ .~~ “ ,

a l so to discussed , in par tic u la r , hc~w the data base of TO~ can be utili zed

t~, t~e ~r~~~ledqe t,i ’.e p r~~ i , ’,.’ , incorporated in the prnpn ’.ed situation

a ,,e .s—x’nt ..‘.te~ .

There are tnree ~ I in conclusi on’, of t h is chapter: (1) reoardinq

te cnnolo ~ icaI ir~p1emen tahi l ’ t , , around l~ ’-5 , when the five ,oar development

proqrar wi ll be completed . t~u’ ‘- t a t e  of t ’ii~ art in computer hardware

tech~,o lOii would provide all the comput1n~ power and memory capacity

‘ e c o ’ ; c a r i  to ~rnp lo~ ’nt ~~~~ ,i s y ’.t~~ in a compact m ilitari zed enclosure .
(2) the cjst ern is judged tec hnica l ly fe asi t l e when comparing it to exist ing ,

successful know led’ie baseu systems that deex nstrate performance levels of

experts In their respective fields of appl icat ion . The transfer to the

mi l ita ry  environment and the accompany ing increase In knowledge ba~~ size

Is not expected to cause undue performance degredatIon , (3) mIl itary

knowledge and expert ise is abundantl y avai lab le. There are also severa l
appropriate techn i ques for knowledge elicitation , thus, w i th proper

a t tent ion, the knowledge base can be constructed .

s—I
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Taking Into account all the concerns listed above, it Is estimated
that the risk of an unsuccessful program product Is reasonable for a
major development effort , especially In light of the expected performance.

5.2 PrevIous Systems Analysis

The resources used by five successfu l APT systems and their level
of performance are discussed In Appendix B, and a suninary In table form
Is given In Table 5-I . These prov ide a baseline for estimat ng the
requ i rements of the proposed SA system . The systems are the following :
(1) MYCIN . a medical diagnosis aid , developed by Shortliffe (1976 ) since
1972 at Stanford . and is stil l 1” expans ion . It demonstrates impressive

diagnosis capab ility on 3 dIsease complexes , (2) MEDAS, a medical decision
assistance system for emergency and critical care setting developed by

Ben-Bassat (1977). It was built on a stand-alone minicomputer over the
last three years. (3) INTERNIST , an interna l medicine diagnosis aid system
developed by Pople (1977) at the university of Pittsburgh since 1971. It
is stil l under development , but several terminals are expected to provide
access to the system from severa l hospitals in the coming year. It covers
600 diseases with over 4000 manifesta tions ; (4) PROSPECTOR , an exp lorat ion
geologist decision aid is developed by Ouda (1977) at SRI. The project Is
In the middle of a five year program and already hel ped to assemble a
knowledge base useful in minera l exploration . Finally, (5) SHRDLU , is
a good example of nat u ral -like language coniminicat ing system developed by
W l nograd (1913) at MIT.

In terms of performance quality . (i .e., “How good are the responses
given by the systems’”), all these systems demonstrate expert level performance.
For example , INTERNIST can diagnose a complex combination of diseases,
showing the quality of ana lysis judged comparable to an average internist.
That is far better than what a famil y physician can do. (Notice the

jud~eenta1 eval uation which Is the only method for evaluating a decision

5—2
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maker ’s performance In medicine as ~~1l as in other complex problem domains).
MEDAS. MYCIN and PROSPECTOR show comparable performance levels. SHRDIU

demonstra ted impressive natural language interaction capabili ty over the

lim ited world it knew about.

In terms of response time s all the systems respond to queries

in a few seconds when their operating systems are lightly loaded . In the

case of MYCIN , there is sometimes Instantaneou s response and sometimes it

extends to 2-5 seconds. Typical INTERN I ST response time Is a few seconds

to 20 seconds. A complete session for one case takes typicall y 45 mi nutes
which inc l udes the complete dialog up until a diagnosis is provided .

In terms of knowledge base size , the different systems use

different strt.ctures to represent their knowledge , the lab les used var y
widely , and so does the “chunk size ” used (the size of a piece of knowledge
concidered a unit - such as a production rule). MYCIN considers 3 diseases ,
which inc l ude ‘Qi) symptoms and 800 rules. MEDAS includes 53 disorders and
670 symptoms, while the largest s?steln , INTERNIST , covers more than 600

diseases and over 4000 symp to.n~. These numbers should not be taken as

indicating the relative sizes of the systems for the reasons indicated

above.

In terms of raw memory used by the systems, similar problems of

incompatib ility in terms arise. Nost of the systems are used in a time-
shared environment , and their programs and data are swapped In and out
from disk . The support environmen t INT (RI ISP, which is used in most cases

represents, by Itself , a major memory requiremen t, which is mixed with

the data and programs. A rough estimate would be 1-1.5 mi llIon bytes

each for MYCIN , INTERNIST and PROSPECTOR .

Notice , however , that MEDAS uses only 112K bytes of memory and
this decrease cannot be accounted for only by smaller problem domain

5-4
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coverage. The system works on a stand-alone basis and is Implemented In

BASIC , which does not have all the facilities of INTERI ISP, It does not

incur as large of an overhead , and is more efficient in speed and memory

utilization .

The computer used In most cases Is the DEC POP- b but, again ,

evalua tion of computer speed requirements are hard to obtain , first ,

because differen t models of the CPU are used and , second , because the
computer is in a imilti-user environment. Furthermore, MYCIN and INTERNIST

use their computers over ARPANE T and TELENE T, thus degrading response

time even further. All that can be said is that the POP-b with 5-10

MI PS used stand-alone would provide ample computing power even for a

larger knowledge based system.

When the transfer to the military environmen t is considered ,

these performance measures should be taken onl y as very rough estimates .

The following are come of the reasons for inaccuracies. First , none of

the app licat ions are in the military domain. The amount of knowledge

tha t would be needed for a usefu l subtask in the mi l i tary environment
can be estimated to be 5-10 tImes larger than the medical cases. Second,

all the systems were developed In a research environment. It is not clear

how nxich effort was invested in each both directl y and ind i rectly, also ,

efficiency in Implementation and resource utilizat ion was naturally of

secondary Importance. Third , the computers used were not dedicated; thus,

response time data Is not reliable. Furthermore, the languages most
convnonly used, LISP and INTERI ISP, are notoriously inefficIent. They are

very usefu l for the development phase because of the flexible data

struc tures and powerful control mechanisms they provide , but for an

implementation system, other languages should be considered to attain

reasonable response times.

Note : We wil l  use , throughout the docwiuent,DEC computers as examples
because they are the most co~~on1y used computers In the Al research
c osv~ an i ty. These should be taken only as examples of computing
power , othe r co mputers with s1a~1lar s peed and appropriate softwa re
would be equall y acceptable.
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Al l  tol d, it is estimated tha t an increase by a factor of 5-10

is necessary for a meaningfu l m i litary SA system, expressed in terms of

CPU capab ility and direc t access memory. This fact brings up the major

source of risk in the development of the military SA system . Although

the previous l y implemented systems dealt with complex and ill-defined

probler’ domains , it is not clear how the techniques would stand up against

a ~- 1 O fold Increase in the size of the knowledge base. The technique

chosen for the proposed system (Chapter 4) tends to be relatively

insensitiv e to knowledge ba’~e size (because of the direc t pointers between
features and relevant clac~es ) .  Al so. MYC IN was increased during the

years ~~~ a factor o’ 3-5, withou t undue performance degredation . A

sir ’i l ar experience was reported from the PROSPECTOR developers.

Mother lesson that can te derived from these previous systems

is an esti m ate of ~~~ amotin t of the development effort Involved . The

three large systemS ~~~~~ ~~~~~ ~r more ~vars in development , and i nvolve
3- 10 man yea r per ~~ar of ef fo r t . T h is sums up to P- S O man years of
effort per system , in the r~’dii~a1 env~romnent.

5. 3 I4ardwareJSoftwa.re Ic t ima t ec for :~~0 P e ~~~i~~~~

5.3.1 Introduct ion . Trm~’ resources used t~ the previous APT systems were

discussed in Section 5.2. They provide a rough haseline for estimating

the requirements of the proposed SA system. We will concentrate here on
the requ i rements of a hypothet ical stand-alone future imp l ementation of

the SA System. The Intention is to show technological Implementabllity.

The computing requirements of the deve lopment effort Itself , however, are
cini lar to those used by the other APT development groups and are given

in the program plan In Chapter 6. The requ i rements considered In this

section are : (1) CPU performance, (2) dIrec t memory, (3) operating

system, and (4) langua ge. The section concludes with a technological

forecast.

5-6
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5.3.2 Requ i red CPU Performance. The processor on which the fielded

situation assessment system will be implemented should have enough computing

power to provide acceptable interaction response time . This time limit

requirements range from 0.2 sec for trivial gra phi c res ponses , 2 sec for
regular qu.~rit ”~, and sht ’uld ra re l y acceed 30 ~or spe cially complicated

tasks (Shakel and Shipley , 1970). From experience with previous systems
using APT , it is estimated tha t the required computer should be able to
perforiTi 5-10 MIPS (Mil l ion Instruction s Per Second ) to provide this

acceptable response t i me. Th is i ’, equivalent to one to two times the
ca p abilit y of the PDP-10 computer . This range of performance will be wel l

w i thin the expected available technology by 1 984-1986 as will be discussed

in Section 5.3.6.

For the first vear s concept demonstration a much l ower performance

is needed. This is due to the 1ini t~d scope of the algorithm and reduced

complex 1 ty of the situat ion ~~ t w t b . ‘ 
~ t 

imi ’. ~‘d t h it ~i ~ 1 r 1 r~~u t

such as a POP 11/45 would be sufficient. The POP 11/45 provides 0.5-1

MIPS performance.

For the balan ce of the 5-year development plan a larger minicomputer

is needed , with 1-5 MIPS. Th i s may be a NW 11/70 . VA X 11/780 or a PDP-lO

with the appropriate development environment.

5.3.3 M e r ,y Re_q~~ ements. The fielded computer aided situation

assessment system is estimated to requ i re between 2-4 Megabytes of primary

memory. This includes space for all the major system blocks described In

Chapter 4 and a substantial part of the knowledge base to be resi( ?nt In

primary memory. A breakdown of the estimates of the various blcok memory

requ i rements are given in Table 5-b. Thes~ estimates represent a S to 10
fold Increase in the memory requirement of the system when compared to the

exis ting APT systems described above . It is due to the more complex and

dynamic nature of the military knowledge base that the system will have to

contain and manipulate.

5-7
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table 5-2

Memory Requirement Estimate

Pr i n c i p F c t or~

Situation Assessment Processor 300 - 600 K

Suninary Generator 75 K - 150 K

Explanation Generator 100 K - 200 K

Information Requests Generator 150 ~
. - 300 K

Man -Mach ine Dialog Subsystem 250 ~: - 500 ~

Addit ional Processinq I2S ~( - 250 ~

Know l edge Base 1 000 ~ - 2000 K

TOTAL 2000 ~ - 4000 K Bytes

5-8
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In terms of secondary memory such as disks , drums, and tapes ,
the proposed system may have its own 10-50 MByte secondary storage or
it may share secondary storage with the rest of the TOS system of which
it wi l l be a part.

Together wi th computer speed , other limiting parameters , suc h as
comp lexity , size , power requ irements and price, are expected to be wel l
within the av ailable technology of the mid 80’s. 1 million bit c h i p s

for primary menyjry and 4 million hit bubble memory chips for solid state

secondary memory are expected to be avai lable at that time .

For the first year concept demonstration a memory capacity of

?‘~~ Bytes of memory wou ld suffice --  again , due to the limited scope

of the f i rs t  year ’ s e f fo r t .

~.3. 4 Qpcra~t l  S R lu ire nts . The operating system necessary
for the development and support of the Implementation of the situation

assessment s ,’ster’ needs to he abl e to st.~port rea l time , ~u lti - t a s~ and

interactive process in~ It should provide for flexible fi le structures

and all the fac i l it ii’ . needed for corrrunication with the rest o’ the C3

computer network . Th ese capabil ities are necessary because of its modular ,

i ncremental naturr~, and the continuou s updates the knowledge base system

would require even durin g norma l use. For the software development phase ,
the system should support , in addition to the above , an appropr iate L
language (as d iscussed below ) , an interactive text editor , a linker , a

loade r , and additional svctem util i ties. These software development tools

wou ld not he needed on the run tine fielded system .

As for the first year concept demonstration system , an operating

system such as UNIX can provide all the necessary faci l i t ies.  UNIX is a
genera l purpose , v~iil ti-user , n~ lt 1-processing, interactive operating
system. It provides all the utilities and f i le structure support needed

5-9
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for an effic ient software development task and supports a number o f

progranriing languages such ~s C and [ISP .

3. Lan~ua~~ Recluirements . The language needed f or the development

and implement ation of the situat ion assessment system should be a ~hi qh-

leve l ’ language appropr iate for rea l t i me l is t processing applications.

~ should provide prim i tives for dynamic structure modif ications and

advanced con tro l struL tures and be compatible with recent structured

;r~ :r.,’-r’i n . ‘n~’vnt I on s .  i’.] 1 these requirements would fac ii i tate the

i. i-~~nta ’ ion , and maintenanc e of the complex software

i~ .i; ’~ ‘‘ i ’ Si’.,hlti~ ’1 a’ .essi’i rit ‘.yste 4 ’ w i l l  bec ome .

i’  ,ear i rh~ ,sse de~~rnst ra  t i  ~‘ii can be im plemented us m g

• “e ~f a nu~~ ,’r ~‘ ; ‘ .si~~le language s ava ilatl e rn minicOmput er ’.
.,.

‘~
. t ’ i~ s 

~~; ~‘ ‘ i t m n g  s ,~.tem ~~r e~amp le , can support C . IUP , or Fortran

~t” er ~o s c i~~l,’ l,in; a i ;i~~. .  C ~~* t s  a l l  the requirerie:.ts l i s ted , is

ver , •~~~ ‘ ien t • and i general we 11 known . LI ~P i~~~ a l i s t  pr~~ ~~~‘. i nq

lan ~ui ;‘~ u~~~~t i” —tin, Art if ii ial Intel Ii ~en~ e t ~pe ~f a~ t l  icat i’’ wh ere
.~n- ”j~~ ri~ data ;r~~ i~ ’ ’ i n  j r .  made. Another ~~~~~~ lan q~a~e f ( r

i— lerw’nt nq thi s ~v o’p~1 ‘., ter would t . :‘~~~: ‘
~~~ . ~~~ ‘ h  ~~ ~

~i im ;’ ta t i on  of LV.~ and runs on a TP-i under the TENI t operat i nq sy s te r .
t i s  a —~~1ern ~~~~~~~~~~~ ~s ~Y ~~~~~‘‘ • . ‘  ~~~~~ • r ’~ ‘~ c~~ i ’ i~

15 i n cr ea si n qi, popular for its structured proqrai-ring c om patiti l it~~.

The ~~~ la nguages would equ a1l. appl~ for the implementation of the

fieldab li’ c i tu a t i n as’,.’ ’snent s ,st e4’~ whcfl the ti-i e comes.

5.2.’ Technobo~~~Forecact. The hardware requ i rements in teri~c of c omputing

power and memory capac ity g i ve n  above , nay raise the objection that s~i~h

~~~~~i bi ti es w i ll not be lmp 1emrn tahl~’ in a compact enough m ilitariz ed

enclosure appropriate for the fiel d. Such objections are unwarranted In

lig ht of past and expected future progress in microelectron ic dig ita l

technology. In the last 20 years , the state-of-the-art in integrated

-10
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circuitry has demonstrated a steady progress by doubl ing the complexity

of the C i r ui t s available on a single Integrated circuit about every year.

This amounts to ~iore than five orders of magnitudes of camplexity increase

in the last 18 years. 1rr~ one gate per ch ip in 1 960. to 100,000 gates

last year. A vivid demonstration of this progress i -  shown in Figure 5-1
adapted from ~,h~’phe rd (l~~7 7 ) .  It shi~ws the dates of the first introduction

~ 
advanced etegrated circu i t s versus the number of active element groups

, C -~ ta in .

T~’fC Lurrent state-of-t h e-a rt inc l udes 64,000 b it memory integrated

c ’ r ~ j i t S , ~~~~~~~~ ~~‘ ~~~ ~ut ’t’lr ‘er’~r , dev i~ *’ , and advanc ed 16 bit

~~~~~~~~ w’pu ters w ith t h t ’  capac ity or’ about I HIPS.

~ the mi t  80’ s t ~-w’ frame , un s e r v a t m ~~f est i mates  peg these
r j~-~~’rs for t’~c ct atr- ~~f— ~ ’,’. ,m r t at:

(1) 1 r~ l I i  ‘r ~ I r ind )r’ .ic r ’. ‘. —~ ‘r~~r • 1 nte;ratt ’d ci r~ ui t for
r~~~~

-’
~j r , —

~~‘— , r ,

(‘) . m i l l  m~~n t - f’r ma l a ~~~~~~ ~ le ~c~~’r~ devices for secondary

so l i d ‘.tat.’ ~~~~~

( 3 ) L~ b i t ~~~roprocessor w~ t~’ an integral 1 — m l l i n n  hits  of
i n te rna l  ryw~~~~ ‘n~ ~- 1o HIP’, speed .

“ he~~p 
~rf ’d i c t 1on’, r-~m~~~ it cafe to assume that all requ i red con~uter

and ~-x’ir~ r ,’ ~a;~aHty will be ava il able in the mid R~ ’ c in an ‘nclosure

sm aller than 1 cubIc foot.

~
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TABLE 5- 1 . MICROELECTRON IC CIRCUITS DATtS OF F IRST
INTRODUCTION V E RSUS COMPLE XITY
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5.4 Interfac i ng w ith 105

5.4.1 S,ptem Orj~im1 zatl on . The situat ion assessment system discussed

in t~’ms report will tie i r p l emented with In the framework of a future lOS

system or other automated C3 system tha t will be In development at the
time . The discu ssion here addresses current plans of division level

as descr i bed by AURBACH (1978). FIgu re 5-2 is a diagram of the
TCo~ system architectur e depicting a distributed processing organization.
One of the des i gn goals of the proposed situation assessment system is

to have m i n i - a l  i mpac t on the TOS system in terms of major restructuring
r,’- luired , data ba-.e degradation , or response time deterioration . The
most appropriate structuring would probabl y be to inc lement the situation

assessment  ‘.v ~~ t Cr’ at the Term inal Control Unit (TCtJ ) level . The TCU is

defined to he a genera l purpose processing, disp lay, and coninunications
c-,’stem designed to proc i de comprehensive capabilities to the lOS user .

The rel ativel ;r closed-function situation assessment system is compatIble

with t his de fini t ion . Th is TCU w i l l  include a ll  the functiona l building

block of the situat i on assessriwnt ‘.-,stem including the Situat ion

Assessment Processor , the Man/machine Dialog Subsystem and the Genera l
MI l i t a r y Knowledge Base. Thi s TCU will support severa l IOOs (Input ~katput

Device) through which several users can Interrogate the system. To obtain

informat ion a v a i l a b l e  in the general TO S data base, r e s i d i ng  in  the DCC ,

(:ivlsm on Computer Center) the system would carinunicate its requests using

the regular network protocol . T he TC~ m a y  be physicall y located In the
d iv i s i o n CP , but logi call y It is a relativel y ind ependent processing unit.

5.4 .? Data Ba U t i l iz a t io n . An Important implementation issue for the
situation assessment system is the comunicatlon w it h and utilization of

lOS data bases. What is the relat ion between the knowledge base maintained
by the SA system and the various data bases tha t will ex is t  in lOS’ The
d is t inc t i on  can be made by contrast ing genera l structured k now ledge with
s pecif ic current facts , i .e., “How?” versus “What? ” . The SA knowled ge
base contains general information about typical enemy units , their typica l

structures, movements, missions and other activities . It does not Inc lude 

:
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specific facts about the current situation . These are contaIned and are

accuimjla ted in the TOS imiltiple data bases. The SA wil l know what type

of information is available in the differen t data bases and will address

specific queries when it needs specif ic answers . For example , “What is

the current location of a particu lar enemy tank battalion !” This query

will be addressed to the appropriate data base and the response translated
into the knowledge base structure and used to develop the situation picture .

From time to time , the SA system has to update its assumption s, I .e., the

facts that led to the current globa l picture , so that the mos t recen t facts
ava il able in TOS will be used . At the same time , the SA conduc ts con ti nuous
Interaction s w ith its users via the 1005 and obtains additiona l information

direct l ,.

ri qure ~-3 shows the series of translations tha t take place when

the SA system requests a fact from one of the data bases in lOS. T he SA
sy .tem generates an Information Request knowing what is available in the

particular data P ise. Th is information request is translated by a Querry

Translator into a ~~i ’ i Ba - 0,.r ~ compatib le with that particular data

base addressed . Such automatic query generators are ava ilable today hut
-,‘‘(~‘.‘ ~~~~~~~~~~~~~~~~~ • ‘~ Or i s i-e g l r’-~ t~ ; ‘ r - ~~~. i 0 - i f o r  t h~~ pa’ ~cu la r data

bases that will be part of 105. ~he rest of the tran slations shown in

the f ig u re  are cornon translations that take place in most DB systems.

Whe n a response is found , an Inverted sequence of translation s produces

a response tha t the SA system can use.

s.ic
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FIGURE 5-3 . DATA BASE UTILI ZAT ION
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6. PROG RAM PLAN

6.1 Overview

This chapter descrIbes a five-year plan to design , develop, and
implement a portable demonstration decision aid for a division level G2

performing the situation assessment task. The major tasks that have to
be completed to accomplish this objective are the following :

(1) Ana lyze , se lec t , and develop the most applicable APT

techniques to the situation assessment task.

(2) El i cit and develop a complete APT model of the military

knowledge involved in division tactical engagements.

(3) Develop detailed mechanisms for automatic inference ,

recognition , information request evaluation and si.alvnary

generation .

(4) Imp l ement a demonstration prototype system .

The final product of the five-yea r program would be a complete ,

work ing, stand-alone and we ll documented demonstration system which can

be demonstrated at AR !. At tha t stage . the system will be ready for field

prototype deve l opment. The detailed , documented knowledge base and

algorithms would be transferable to the hardware available at that time .

Curren t conservative estimates of the state-of-the-art of computer
technology around 1985, assures the availability of the required computing

power ii a small , militarized, portable package . The esti mated computing
power that wi l l be required is up to 10 MIPS (million Instruction s per

second) and a di rect memory of up to 4M byte (million bytes).

6-1
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The program is divided into three l.hases . Phase I, extending
over the f irst year , develops a sma ll scale concept demonstration system .
It w ill show what kind of capab ilities can be accomplished with APT .

Phase II, ex tend ing over the second and third years , develops the
knowledge base modules and mechanisms for a well bound sub-domain of
the tac t ica l  situation encountered by a 6? off icer . Phase I I I , forming
the last two years , expands the scope of the system mil i tary knowledge
to the complete spectrum of the 62 SA task . It expands the capabilities

of the system to the full roster described in Chapter 4, and it develops
the mechanisms for integrating the system with other existing C3 and

data base systems . The major yearl y objectives are as follows :

— ~ ‘°- ~‘:t ~~~~~ t ra n

Year I — ~~ic 1 -—
~~~

• 
~

- 
~~ 5’ • • -

~~~ ‘ - - . ‘ i -,  
~~~~

- 
~~

- • -  ,.n, t O f l

- A lgorith m Transfer

Year 2 - Situation assessment “~~~~- ~ i nic ~~c transfer

Year 3 - Knowledge base construct ion and system imp l ementation

Phase III - Expanded know ledge base SA system const ruction

Year 4 - Scope and capabil ity expansion and interfacing with 105

Year 5 - Integrated , expanded demonstration system Implementation

The five-year plan is or iented  toward modular ity, demonstrability,

and usefulness. Each year ’ s product will be a useful document or program

that can be utilized in other mil itary application areas as indicated in

the appendix. The products will be modular so that systems with various

capabilities can be constructed from these modules, and will provide yearly

demonstration of progress and expanded capabi lit1e~ The rest of this

6-2
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chapter will give the yearly plans in detail.

6. .~ Ph ase !- Concep t Demonstration (first 1ear)

~ask : Concept demonstration and imp l ementation. The f irst
year ’ s goal is to show the value of the APT approach by developing only

w h~tt ~s ne t ’Ssary to a l l ow  the central al gorithir to operate . it wi l l
in~~l uJi~ a preliminary version of the following specific tasks :

(1) i’lect t nd an al,’:i~ a spec ific mu itary domain

( . )  ;.-~ h-’inary development ~f a single scenario military

~ nowl e~ t~ base

( 3 )  Selec t i~ n i ’d  adap ta t ion  of APT techniques
(
~

) : ?~P1eme ntat ion of basi c S itua t ion  assessment al gorithm
(~ ) :-~~~L-

~~-~ nt o ’ ‘,c~ t~~ire f~ r a ‘Ixed sample scenario
(• - ) :~~-- t~ strate the s~’5ter- in a ~ ynar :i~ scenario.

r~~~~~ -~~~ ’ 
~~ -r~~ 1~~~~~ of ~he ‘i rs t  year  wou ld be an inhouse

• -~ -ryr~~! ç~~~~pr~ • The sy5te~ will  interact with an e x ; - ~~r t

...‘  r-’ ’~~~ ; -o - i . , -
~~~~

‘, S~~’ 4 ’~~ i c - ri ~S5 p s 5 ”p n ’ ljr inc -i scenario 0’ a

‘is ~~ leve l ~i- a ~
—
~i 1 ~. The s ~s °‘- .~ 11 accept low level indicators

i ’~ 
‘ h ’- ‘ •‘l ‘i’~d wi l l -;(‘ o r ’ rat P a ~kele ~cn situation sunmary .

h” ~~ ‘ 1 ’ i )r  ~s ’r- •i ’ , w ’ 1 i r \ c ~~q’ oç  ‘ i ” - a tes o~ or ’~~’~~ forces, their

ir ;. ‘ ‘ in - j i ”  thr~~c,t . ~hp ’ir overal l pla n and the expected timetable of

i-r i nent a~ i - ~ns .

~~st~’~’ ~~~~~~~~~~~~~~ The demonstrat ion can be performe d on a
1~~’i~ - ) . ~’€’r S UC ’ ~ 3 5  a P~ r - l 1 - ~ 5 .~ith 250k bytes of memory, or on a
‘i’ ;e ~DP - lO - ,r’;uter it one o~ the a r t i ’ ic ia l  iritefligence research

r- ’~~ r~ (Stanf o rd ~r ~1T). Th is ~nu ld be done fro.r anywhere in the U.S.
Dyer the AP, P.~ ne twork . Th~ advantaqe of the stand-alone rrinlcosnputer ic

i t s  ava i i~ i 11  ti , whi le the 1 ‘i ’ie research computers have more advanced
lanque -~e~ in-i .i wider spectrum ~f hel pful u t i l i t i es .
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Languages and Operatln_g System: On the small minicomputer , the
development can be done In LISP, or C under the UNIX operating system.

On the POP- b , the most appropriate language would be INTERL ISP which

is the most advanced language for these appl ications , provides the most

“friendlf development environment and runs under the TENE X operating
system .

Manpower: The manpower requirement for the first year is estimated

to be .?-4 ‘nan-years , plus an additional 3 man-month of a military expert.

Mana~~ment Considerat ions: The firs t year tasks should be assigned

to one team of experts in APT. The mil i tary aspects are cecondary at this
phase and the size of the effort does not justif y breaking it into subparts.

An al ternative course, which would increase the chance of success , would
be to assign the whole task , in parallel to more than one group, in

different places, and selec t the more successfu l approach produced by the

end of the year , for further development.

6. 3 Phase II ~
.
_, 

T a r ~ fer (years ? and 3)

6.3.1 Genera l Tasks: Phase II of the program will extend over the

second and third years. Its ma in objectives are :

(1) To develop the military knowledge representation and
rrv .rh ,ir 4 c ms for a situation assessment decision aid.

(2) To implement an Interactive stand-alone decision aid for

a division level G2 officer performing situation

assessment aga inst a constrained set of enemy missions.

The spec if ic tasks that have to be accomplished to achieve these
objectives are the following:
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(b ) Ana lysis of the Situation Assessment Process. This will

inc l ude detailed system analysis , development of system

structures, and detailed specification of functiona l
requirements for each module and algorithm.

(2) Se ec i o and Ad~ptat ion of APT TechnJ,q~ies. Led by the

functional requirements , the available APT techniques will

be eva l uated and those most appropriate w i ll be adapted to

the military knowledge base representation formalism

(developed under task 4 below).

(3) El i c It a t~on of_Mil i~~~1Know~edj~. This task will be done

by extensive literature ana l ysis and detailed expert

interviews . It will prov i de an explicit knowledge base

abou t genera l military concepts , mechan i sms , and tact ical

and st ra te g ic  princ iplns . It will not include any information

about s peci f ic  weapons , engagements , or scenarios.

(4) Anal ys~ s of Mil ita ry Knowledae Structure . This task wi l l
be done to Isolate the set of mechanisms necessary to

rnpresent the qenerab mi litary knowledge base on a computer.

This  w i l l  include formalisms , data structures , procedures

• and control structures.

(5) Deve1op~~ 1t of Mec~j~ts.tiis. This will be performed for

si tuation assessment , in ference mechanisms , suninary

generation , exp lanation generation , and man/machine

coniminicatlon mechanisms .

(6) Development of Sof tware Tools. Software tools will be

adapted to the knowledge base elicitation env i ronment using
a stand-alone min icomputer.
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(7) Design of Software. The software w i ll be designed for the

Implementation of the Phase Ii ~ysteni on a spec ific scenario

and a simulat ed d iv l’i on level engagement.

(~~
) i~’i’~puter )~p1erwn_t~ tjon of Phase . Ii. Complete ~ oftw ~~rt-

coding of stand-alone Phase II will be performed.

i~ - t ’ r i : — ~~n ta t  ion and Tu n in~j of P’ia’~v II System . The sy,te,s

w i l l  ~->e tt- ~~ted on several  simulated scenarios. The ~vstem ’ s
re’~ ’un- -~’ w i  1 1 t e  ( ~r~ ,ired to mi 1 i tary experts respon’.e’’
and - -

~ i i at ions made to the in t ~‘rnal knowledge base , tint i I

t~ e re ’~~on,,’ are acceptable for the experts .

(10) ~.i!ua t ii in and ik’r’x i ’ist r at ion i f  Phase II .. The 5vst~ r wil l

be ~.“--.“- ‘rated md evaluated on an inhou se computer.

wo,t of t”~’ -~ ~~-‘ i  -~~ 
- - ~~~

- 11 - : a n  more t h a n  c~ne ~s ’a r  and ~‘ i l l be carri ed out

1 a r i e l  , n .~ra 1 1. 1 in ~ i.~ ;r i~ ~~‘ i e ~ nte’ract cl -~~l • . he ta’ -~ wi 11

il so be bri~1~~n tjc ~~~n jn~~ ~~~~~~ ~~~~~ so t ’ k i t  ~~~~~~ t~~~~ ete capa h il itn ’s can he
•s - - - 4~~

r
~’, ~ rat ed eai ~

6.3.? Second lei r

T a s k :  The -- ,i i ’- ! l - . I r~f t he  s e (~~ fl(i year is APT ~~~~~~~~~~~~~~~~ ‘o -. l ,

and knowledge bise p li c i t it i r~n and ~nstr :~ ion . The APi techniqu es r~ust

be adapted and refined f~~r tn ” r~~l i t a r , ~ - ; l i c a titin and a formal i sm
deve l iped for the -i l it a r ,- kn ow ledqe base . Th i s forma l ism r~ist th en he

~ed tn inp b er~nt t h e ci ‘i( ited ~il i tary knowbed~
p. These

and fornalis~s wil l be ?~be b~ s” upon wh ich th e s i t ua t ion  a’ .secs me nt system

w i l l  be bu i lt. The spe ifi c tasks for the second year are to:

(1) Elic it military knowledge from experts and availabl e

l iterature , pertaining to d iv i s i~ n tac t i ca l  s ituat ion
assessment ,

— 0-
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( . )  Anal y:e “ i litary knowledge structures and mechanisms .

:dentif -~ the i mportant issues , their interrelatedness and

‘i~~ñ t hey are used by experts to assess a military situation .

( 3 )  ~‘v t ~~~~
- 

~~ r”-~ii isi’ is for c or’ ; ,,ter i~ plt’r’~ r i t a t io n of niil itary

‘ -~~ ~~ .I .~~~~.

( . )  o- ..-L~ - ~, ‘~~i 1 t j  S i tu , i t io f l  i - ~~~e - - ; s t ’n t  r t ’chdn iSt i iS  us i ng  the

i ri.. to t “; t’~ ni ~~

( )  ~~~~~~~ i l :  iTh - - ~~o ,~j v — .ir , ~o’ , it r a t i ’ .

(‘ ) - • -  . l~~ a I - ‘ - i t  ~~
- - - fe ,,— • • ,~ li ’ i ’. ti p l it t i ’ I n .

t i c  - -a~ h i ’ . d~ aio qs .

(8) . ~~ i ti c , -~~~
‘

• : ‘ . - ; c - - : ~ - - f  ~h e - o- ~ ‘1 , . a , -  roc ~, i~ is  a d ~: o , t

i b t a i i ~ 5 s~ ;n - ~~~~~ str~ ~~ r’- , un~~o n t  and ~1 -:i r i ’’ w -

t r  ~ S i t 4 i  i r n  is - , - ,n ’ ,s ’ ’ - . 
—
‘ o - s i ~,- i ’ n c - w , ’ro d i’ ! ‘~~~~~~ nf t he

ft 

~~‘~~~~‘ • i . •  . .~~ i 1 : ~~~ ~~~~~ .-, o - ~~
- i~~i~~, (

‘‘ ‘ 3 - ‘ 1 . 1 ’ . 0 ’ . ! ~~ i - O ’ t c f l . i , ‘ ~~~~~~~ ~~ ‘ r - . 5  -~~~~~~° as io~~i l i o r ,
- r’~ tac ’i ii r s  ~~~~ a’-i il c o l- ’ - i i ’ ic~ a !- 4 S14p~- l . ’ o :erat 1 ’ ,

~~~~~~~~ dat a s~ r~c! - A l l 1  ~ o - u - e d  ‘ o n ~ ode Yr .p, i f i c  n-ilitar ~
• • - A l  - ; ‘  • i t  i ‘- - • r u ~ - , - .  . ;  i r  t S . ~e ( ~ 

, 
~~ ç ~ i Il 1 f t  1 u~ e thi-

recogn i ion , a - , 5~~ 4 u t , i f l ’ ’ f l i’ 1 ! -  ?~ f t ’ , i ’S evalua t u - r , s ri’ua r~- ~o r t e rat i uun

a~ 1 m i n - ~ .i- f u r l  i’Y~~ra ~ ~~~. ~~ic dot a’~~’fl wi l l be o . i l u i t r d  ~ mi ’ i t a r v
-

- (0 ’ - I -Ic ‘‘ - - -j r ,.- t ‘~r uup t , c ‘ 1  1.- j ud’: on ~. of
uu -~~ i o t e n . -~ 

-
- • a la~ and c unpat i ~u i  l it • w i t h  r,1er~~ doc tr inc of the

repr’  .o ~n tat 1

- - - - -_ _

~~~~-- - - --.~~~-----__-~~~~~ - --  _ _ _  

~~~~~ ~~~~
— --- --. — ~~~~~~~~~~— .-  ~~__ . .— -~

.- - -
~~~~~ 

- - - --
~~~~~
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Syste ru Rt’uju l rertentc : The expanded knowledge base and a l p r  it his-,

develope d in the ,o’cond ~-rar would require l-oo,- e ~~nputer resources. It
is e’~t I - ~ i ttd that a PDP-ll /~~ wi th 500k t’,-t o’ of memory would be su f f i c i en t .
A l t e r -na i ~o’l , , a P1W- 10 c omputer , at Stanford or MI , can k at te s sed
o~~tr the A~’PA ne tw o r k

i’ j Ui~~j t  3nd 
~ 

t r t t 1e~ 5 ,.. ~~~ : In t n. m i cii. oi-ipujter , the

t. , r’ l ’I- .n ’. can be -I c- o ~n ~~~~~~~ L~~ P , in C under t’ . P!~IX operating

to , ~
‘.- ;— l 0  c~~~p 4to-r , tOo — u t  appropri at .  language would be

- r ~L : ~P r~~nn 1 tu g 14c1 lrr ‘.‘ . ‘
~~ X ~prra ti n - ; st i’e-

~~l . , -
~~~~~ , ! f - i r,’ri’ru : ‘

~~~~. r ,~ c)~ ~~~
, ,- r, ~a 1 roi —u ,’r t for the sec ond

,•~ t r are . t,n.i’.o ’ l  t o  t u~’ 3—~ -‘,in-~~ea r’ , i nc l i h nq  Computer sc1.’n e and
s ) l!~~i, , ; , c . t r , c , l Addi ’ i - ’ a l l  . . 6 — 1 0  r-.in—nu t - t o - . o~ a rui l itar , .‘~~;ert

~ 1 d b .  ‘~ ‘~ ~,

Mar i ;..~~~- t  - r - i j . ~~~i’ ~ ç ur- - At t n i ’ . ‘. ! i - ; s , the know lec1~ .’
-~ 

. t  ‘ - ‘ ‘ 1; tr ’i’ . ‘0 1,! a u i i d  chara t , - c i , t i i . s  ‘~ the

•r ~ ie .j~ e ~
- i.o’ a r t  t 0’e - i u ’ p’is -—— ’, ‘hat ~~ni ; - ~,lite it . ~~~~ the tw~

‘ - u r , - t 5 t  b’ a ~—- :--l -~~ i w i ’~ c l r s .  in t o r i t  io~ c , preferabl y by
“.. •, .— -, ;, - - 

~ ,‘ , nr -~~d ,. ,lr , ‘ e ? wr. ‘ t ru o ¶ 0n’ a’ toe separated .

~~~~ _~_
‘ - -

~ ~‘ -i ’

Th’.’ : T’e t’- rd ,.‘ar ’ c goa l is to devrbo; a wel l  rrunded knowledge

~~- i  .‘ a p; •o :ria ’e ‘ ‘~ a de t a i1.~d su r ’ na r iu  and to ciruplete the design and
imp l .~wn!~~! u u n  n’ ~~~~~ f 111 ~‘- i s e  fl ‘.tand-alone •.~~~ -i . The s pec if ic  t asks
• :— o ~~er f’r—’r’ l ~r.’

(1) Comp l ”tn al-rnritPvic for c uir’r~a ry  generation
( ? )  ~rr~p lnt p al- ;or ithr c for  ~‘iplan ation generation

(4) :~‘yebop alqor 1tbr~c for man/machine dialog

6-8

~ 1 ~
-;--- - -- — - -

r~~~~~~~~~--~~~~~~~ — -



--

(4) [lic it and construc t a rounded knowledge base
(5) 1~~s g n  software
(t) Implement sof t w a re
( 7 )  Tune the know l edge base structures and r~’~~’I nicms

(~~) ~e”x nstrate system - Phase II
- f )  [va lua te  performance

~ 0’ ‘ n~.i 1 r ud -,j1 t o~ t o., third year ’ ‘ program w i  11 tie

t c ’r ;lett ’ , do~~s x ’ntt’J , stand-alone ‘.,.t e” with a software package capable

“ ; er ’ u n ;  t ’ ie S ‘t~ at ion ds.es ,ru~’nt task inter activel with an expert

.. wh • f l ’w ’ the ‘ ,,tem . ‘ho’ s tem w 1 11 t’t. able to acce pt fact ’- about
rt ’~~iouS i  -jn !uiuwn i t j i  ion ’  and b. in fo~~~d about new event’, a’. th ey

in t’~c ‘,cenar u~~ . It wil l Inte rac t w i t h t b(’ expert ti obtain
fl,’ t f ’ . ar , i-I - t i ’ i - oil in~~’’’-’~it1on , and ;rnerate a supportable s i t u a t io n

1 f ’. ~~~~~~ n t.  s • ‘t e~ ~ i 11 then be ,it 1. t i  ~•. p1 a in and iust 1 ~~~.- it’

r. ,o - , 
~
“ ‘ ‘ — :  ~ n t  ~~~ 1 ~

‘. i - - ‘ s ~ The ,- ‘ t . —~ wu 11 be demonstrable inhou ’.e or
at a’ A~I~ •,i~ l i t , ,

- ,  ‘- f ’ ~ ’! ~~i’ s i re flts : ‘,i’ W ~15 ~~ second year.

3 rJ i IJ O ’  and p ’rat1nj~~- ,. ts”- : ‘ a- i a’ for the second year .

• Ma r ; - ‘wr r Requtremf .’ts : bo .irpowe r re 4 ui rfw’.en t. ~nr the

is  e ’ t I r ~lted to be 3~ h man- ,-,a r s 0 with more emphasi s on software

per-.- ri n c’l for .. td ing and t est i nu ; . Addit ional l y. ( u- b man-months o~ a

~~~~~~~ erpe rt would be required for re fin ing , t .snin q and test ing the

ii t a r  • i s; ’  t’,.

~ana9er’wnt ionsi dcrat l~ ns: In ‘he third year the knowledge

~ ‘ll he a subs tan tldl task tha t can be separated from the

ref l ner.wn and implementation of the APT techniques. A group w i t h  easy

access to c~ ve’-al m il ita ry ezperts would construc t the scenario knowledge
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tot ’i software and hardware ef f i.. is’!lt. u t-’1 of the i usp1.~’u,’n! at ion .

Toe ¶ 35. ,~ i 11 i n ~ 1~~It ’ cl o t’ interaction with n i l  itar , .~ perts.

(~
‘ ) !‘ •pan 1 ~ i I tar~ Sc opt’ of S.- ‘t em . 1 he scope of t ‘it- ‘1

1 b. ‘.; anded thruu~~h a~~a I -~~~ is, representati on ref i n~~’oent

and -a~~~’ an i ‘,rus ’ i” ;r ~ s~~~~’ t • 1 he expanded capab 1 l i t  i es

~~~~~~ Id be u- 
~~~~~ ‘vi l~~~i c 

~1 i’’~ ’ c u ’ . ion

(a)  Range f rn iS’.i arl ,; e’ , ..‘rt-d

(tu ) ~an-~r ‘ Sce c i r  10 ,-~~t ’ , covered
(c )  p.’ o~ u n i t S  i’ - l ~ - unit ,;,‘ . i nvo~ v~ 1 in mission

t) Si:e ~~
- i t  of o n u t ,

( . )  in t’ -u ~ ¶o’r ’r~l in f” ,it ,~ro’’ ( Q~ -o’ ,’o’~

( ‘ )  ~~~~~~~~ ~~~~~~~~~~~~~~ c ’ _ i i t l - ~
_ s

(q) ‘~ s ’.iil c- . b u e f  m d  ~- ‘ - - ;i’ tati n ,‘ff”c!s

( ‘ ) 
‘

- ; - 0 ’  j f l~~ 
— 0 ‘~~ a tOfl S , ¶

( 3 )  ‘ r 1 
~ - u ’ ;  ~ u ‘ ‘ u  ‘. t~ ‘-j - at -I ~ as r ’. • ‘ a • :t’ — i  Ii t i n4 l i t  a

-i - - - ~~~~ 1 • f 
~ , c - , ,- ‘ .t~~-- ’. - - -.3 , br in en fi t  el , Opt

~t ’ .o l a  i - ’w i ~~’ j o ’  r , r , . t l n t l ’ ~~ ur  tet ‘ 1 ;~~~ . ‘ - • 10 ’ . ’ ’ ’’ o-

i~~~~~r i!’- r - , . m d  ;5 . ’ r , ~c’n.’r,~f ion and ~rt~ rp,- ‘‘tat i~ur ‘ .‘ hi-u i ,~~r -

~ O ir e,’f~~~ p A i t  ‘ ‘ ‘ ‘ . ‘ ‘ ta ’a t a - ’’ - .

(4 )  ~ .- 1 ‘10’ , i ’ , j a  i on ~ s .e . ‘,--pr •‘~ I ~ or i t  ~-r’ “ i’ c i t  ui I ‘i-

as s.’ ‘,~~~nt -‘w~ “ 3 r  u s — s  w ’ 11 .‘ .‘.~ .nIcol - - be at- e n j t  i l ir e

~~-u~
-’ s p e r i ’ u~~ da ’ m a v a i l a b l e  ir otbo r — i i 1 t a r ~ data ba si s.

(
~~

) •;- i~~1 :ap .mbul i t u s  of fl ia lo~j ~usb- syste~~. rb . ’  ~~n nwi~ hiflC

in ’erface , ~h i rh  us the diab oq cubsy cten , w i ll he i~-uproved

to ml l c ~ ¶0.1 followin g caiahiii t ie c .

(a) ~ri!pr~~c t iy p  hie rarcHcal expans ion . ’ the si tu a t i-rn

~_A ~~~~ - ~~~~ - — _ _ _  — -
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(b) Capability to explain reasons for events in the

preceding dialog

(c) Capability to infer user ’s reasons for questions asked

and to produce ;‘roper answers

(d) Capab iht , to expl.n n tact ica l doctrine independent

o f a s; ecifi ~ sit.4atio n .

(6 )  S o f t w a re  )e’~ ian . T he software for irr~ l tww’ntinq the expanded
- , • S t  ‘ ‘ .‘ v t’l w i  Ii be des It ; ned

( ) ~ ‘-~el~~ o itte r . of 1.-- t Sceru 3r - 1os . A fb, ’ol b l e ‘vt of

~~~~ t - r c 3 ’  A i I I t~
. 

~~“ 
. ‘‘ ‘ •-  ‘ ‘ . u t~

. 
~ r~~’p I e to ’

- - ¶ r  ,~¶ u - n ¶ r . 1” a cud eva 1 ua t on o he s ~~‘. ¶ o— ’

- 

~— - - :- - .‘r’ : - -
~~ 1. e’ ’ .l ! ior ‘ roa’,,’ III S~ to’r . :r~ l~~~ntati on

u f  t ” e c cir-; I o t o  level ; • ‘t.” inc L~i it ’- ;  t ° expanded

now I + ‘l ;“ b~i .‘ ,j nd ref i ts,’ t ~~‘i “.ini

- 

~
) .- - t , ~~~~~~~~~~ F- ,-ml ~ at,’ m ’ u - t c - o c - .f.’r .‘v’’l :ii S,~ st.’r ,

Toe ‘‘‘- al -,er’. i n  of t o.’ c , st em w i l l  I-c a tran’pn rtat ’ile

,‘ ‘ ‘,u ,~ ç p , ~~~p P’m ’ can I- ’ ’ l..r~~ns’ra ’e1 t in ‘ho’ 1~flO- 11/7°

-.;.,‘er ~~~~ ~‘r ,m; - p - r - r u p r i j ’c’ rp’,co,rcp’ . ,

‘ - 1.. . : A c - ~— - ; l o ’ t o ’ , sta ” -t _ a l tn v . (jç~~54 r~~,1’ p~j ‘. it ua t  ion a’.’e’ ’-rmpnt

-t ”tu” , r i t u a n S~~s?er’ , The .,stem will be introduce. to a new si tuat io n b~
a~~~ep ’ur’~ ; r’nrr il  oh~ ’~~tivec and terrai n- des crip tion . The system w i l l he

a b l e  to aci ”pt . low- le- •-r ’ l fac 
~~
‘. about r r~~ ’ n~ act i v iti .’ ’.. a’.I for add it  ional

ni cess-I r ,- iru for— ,i ’ion , ~1 vi ng ,p.-’c iflc rccorr~’ndationc on how to get it.

1~ w u l l  t oen provide ~i situation cuermarv in a format s ruui lar t o the

i n t c 1 l i -~cnci” rnpo rt current i , produced ~anuaIlv. This fina l system WI) )

f~- 11

I ~~~~~~~~~~ — - — — —  -—— - — 
ft

- - _ _ _ _



______ — -— —---- —~~~~~~~~ ---- -- ----.--v_

S

base , using software tools developed in the second year. The evaluation
of the c ompleted s y ’ .tem should also be done w ith  military experts •

h. 4 Phase III - !nte1rated (
~panded Demonstrat io~~~~~~~

The ‘,,‘ . ‘nd phase of the proqram w i ll extend over the las t two
,ear’, and will expand and b uil d upon the achievements of Phase II. The

1 t i c  ot~ ~~ ¶ 1  i.’’ of t 0e phase art ’ :

(1) T,~ expand the ‘-i li t a ry scope of the system concepts and
-,‘t han i ‘our, In te rm’, of: (1 )  t ,- pe of rim scions , (2) type
of s n i t s , ( 3 )  ‘ , i :. ’  m i .  of unIts . (4) weather , terrain ,
and ve~~tat ion , etc.

( , )  u “,‘fi,’s’ to ,’ SA a lq or i t heu’. and know l~dqe base representation
o i c”,i 1 i ‘.“- ‘, i t’  Ii ;‘it of t ‘it’ eval  uat ion of the ~,r ‘ ‘ ‘ . - f ’ -  ~ “ ms , ’  ~~

(3) o I.~~.’ 1o; tec ’’nl;uec for interfac ing the system with other
m i i u  tar, t,, ’,o t a s. ’- - ( t h e  ;ur’r-, translato r).

(4) o irmplerxtnt an .‘‘~~anded , conversational , Integrated Phase

Tac ks

The specific tas ks  tha t have to he completed to achieve these
obj e t $ v es are the f nl lowing :

( 1)  Eva luate Phase II SLstefn. The evaiuation of the Phase II
system is aimed at identif ying the limitation of the
representation techn iques and APT mechanisms , and Improving

6- 12
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be able to handle information coming from higher echelons , parallel
friend ly un its , and from subordinate un its In the field. It will also

accept a full spectrum of divisi on level subunits , weapons and miss ion
mixes , The system will a~’1o be portable and demonstrable at AR !.

Syst em Req,uirenwnts : The expanded knowledge base and more
c ciru p lex algorithms would require a more powerfu l computer than necessary

in Phase II. A PbP -l1/ 70 w ith 1-2M byte of memory would be a minima l
rt’ luirement , but it would not be able to perform in rea l time . It is
.‘s t ’-~ated tha t a sing le tack PDr-lO . with 2-414 byte of memory would be
a ---ti r,’ app r ccp ni att ’ ‘ . , - t e n- to use if rea l time response is mandatory .

1an~j ua~ e and 
)o ’ ra t i n,~,_Syctern : The ch o ices  for language and

operating ‘., ‘,ter’ are ‘ , c r  i lar to those mentioned before. On the

~unicoriputer , t h e lan ;54a ; . ‘ ‘ , that can I’.’ used are LISP , C or PASCAL running
under the operat i n ;  s , - ’ , t , ’r -  ‘di . On the P[)P-lO the latest version of

1 so wtiu ld tIe most ,i;’ ;’ ro;riate , runnin~; under T ENE

Manpo~~’r ~.‘- 1~4ir o ”-~~n t’. : The le vel of effort for Phase III should
be ~t.’ppe l .0 t-ei a~~,,’ ‘if t he  inc r.’ased scope of the system ’ c cap abilities.

~! is e - t i r~it ,’d t” - mt 5-7 ~ mn- yea rs ;o ’r year will be necessary, wi th l-~
—‘~

j r _  
~~~~ f or  a “ - i l ‘tar- ,- r’.pert.

Mana~~’men t Consider ations: The Phase III effort can be broken
down into four sub-efforts tha t can be ass igned to separate groups. Close
cooperation and t i q bt c orrijnication , however , are still very important.
2ne group w ill do the al gorithm and knowledge base refinement to compl y
wi th the anal y si s of the second phase system and the expanded military

~~ope. The second group w i ll elicit the military knowledge base for the

expanded scenario. This group should have regular access to severa l

experienc ed C,~ ’ c . The third group can work separatel y on the dialog and
explanation capabilities . The fourth and last group will work on the
Interface with other C3’s tha t w i ll be most appropr iate at the time.
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MODE L AND SYST EM G LNE RAL IZAB IL ITY
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Detect ion of Unusual [vents

I moortant funct ions of the con~nander enco~~ass the detection and

recognition of  si gnificant changes and opportuniti es in the batt le field

slt u a ti , nu . 1 ” i ~~ includes , for e*aniple , sudden changes in the enemy ii~” rali-

d J r in- ;  a ,t,’ft’n’,,’ u~’erat 1:”, w ’fl’, h could change an orderl y at tac k opera t t u f t

i nt o  a retreat. I’it’ recognition of low probabil it y/h igh v i ’ .~ events ,

~‘c i - ~’u ‘-a~ cause dra s t i c  changes in the batt h ’fiel d situ at ion . ~in a1 l y,

t o t ’  .i l -  ‘ l i t ,  to 1 dt ’rt i fy 001 c~us’ tactical opportunitie s and t’nt’r ~
v - j l ner a b ilitit ’ s (or even vulnerab il iti t ” , in fri endl y forces) can be very

val uable. ~a ’1 , ,‘nu cu ;rt lt ion  of such event ’, can - n y c  the comander an

~r~-urt ant t i i~~v . “t’ can modif y h is  plans in I ic-- u to ta~ t’ advant age of the

oppor tuni t ies.

A -, in ,‘ ‘ a - :  I.’ , s j ; - ; u ’ ,e that t’ner~y activity were detected near a

id ;,-. i n  h, rear ~~f t~ii. fr iendl y f orces ,  he friendl y forces are
in t h a t  area . ~h,’n ‘,uch a situat ion occurs , a goal-oriented

i n f t ’ rt ’ n~ ,- - , -.- .tnr co u ld , i r a m the followin~ sequence of inferences:

(1) Th ~. t”i,’.”y ha’. poten tial power to capture and destroy the

-n  i d qe,

( 2 )  Th i s would reduce the number of retreat and supply routes

for our forces .

~
) “ ur forces are threatened to be cut off from the main body ,

cutting off supply and reinforcement,

(4) The origi nal observation is critical and should be addressed

i n,i~ diately.

Thus , by being goal oriented and the inference capability of a system can

make It very useful as an alerting mechanism. The APT tec hniques have

A-2
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denEnstrated the capability to perform complex inferences. This basic
io p ab i l i ty stems from their knowledge representation capabi lity, the ir

goal-oriented , control process , and their ability to coninunicate at the

conceptua l level of the expert. The APT system will address exactly
the same issue s that are important to the military expert (the coninander)
and for the ‘.ac-x’ reasons thts are important to him: the ru i l it a ry  threats
or up ;’ort u ’ui ties they represent.

~ne S i tua t ion  a — .’.c’ssr’-,e’nt “y’s t t ~rii a l gorithm is a l rncst ident iLa l
t~ ten  one needed for the dt’te~ tion ~t unusua l events. The difference is

onl , in the 1en~ th o’ the  infe ren~~,’ c ha ins  a l lowed and in the focus of
a t t ent ion . In the s i t u a t io n  assessn -x~nt sy ste ru , the dual is to find the
int erpretat ion that a. - j j t ’, f o r  most of the IV -itif’ n u t’ ava i l ab l e .  T hus ,
the nt’to ~;r i t  ion ; - ro u  e s ’ ~ tries to incorporate as ;c~anj ot ’,t rvt’d feature s

a~ possible i t hoJt c 1 m r-t i ii; ‘ c i  ;e in the tac t m ~a 1 categorie s hierarch y.

In an unusJal t’v ”nt detect  io - s ,-,t t’r , e w , ’ v t - r , there would u s u a l ly  be
very li t t le ~~

-
~ id t ’n~~e and t ’ c , ’ - ,, ‘,“ ec wool. l  t r~ t o f ind the worst consequences

t eat ,mn N’ i nfnrr~ d fru r tht ’ cc ’4’a~~’r ev ide nce ava i l ab l e  The a lgorithri
woul .1 have d i  forent !,‘rr i n -it ion ~‘ararw’te r’, and di f f e r t ’nt thresholds for

abandoning a b y ; ’ t ’ ces l s .

- 

A systerc for the detect ion of cjnu’,ua l events can work in the 
I 

-

t ’ iaJ~~ru-~riJ of another t a r t  I a)  decision aid iru ’: ‘.y s t t  c-’ and produce an
al~~rri onl y when an important oHect lye of the comander i s  endangered.

An add itional advantage of su~~’c an automated aid is that i t  ran include
the accumulated experience of many conrianderc , so tha t the coninander using

the system would be alerted to come rare event that may not be in the realm
of his own persona l experience.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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Resource Al loc ation

Resource allocation is a very s;ecera l problt ’c’- that applies

,~?cer, 
-
~~~

- r a scar ce r-eso urce hj s to be divided among sev e v’J I compe ting

dt ” - a ’ i d ’ , in S soh a way that would ma x i m i  :e some tm*~asure of t’ f fe~ t I vene’,s .

jh t ’ut ’ Si t jat i on a’,’,t ’ - , ’,u~~nt ‘,~~‘,!t’ ;:., the al ;c r it h c ’ o’,’uic h t’valuate-

- .-t an~ ~ of  ,in 1 nformat i on i S.c • ,t r ud i t t ’ ’ - ,t - ’ - whic h 1 nfu,- ’,,tt I ut

C ub I ~~~ or ~i ;t’n s’ , ~ Id te a’ .’,) ‘;!lt’d to ot tt J i l l  t 1c 1 ’, in f - nc - a t ion is

o - “nt m al l  ~, a ;- - ‘ ~~o ’ rf ul r.’’.our~ t’ a 1 locat ion a 1 ‘~u’r i th u .. i ’~~ P~ ,ic ~;?’O,t( h

this ;it ’ o~ ~ .‘ ;  1 - -, ,.~~i- : . i t ’ in that it  1 - , . ; u a l — o n i t o u t . - ul m d  the a) L - c at I Of l

i i  ;or 1 ( ‘0- -~~~‘c ,i 1,i ’, to c’u ,i” ; In ;  t ’ n- . 1 i’u’uc ’ u t ’ n t s  w i  !ht ’j t  t’~~; 1 ici t ~nal~ tic

• - ‘ p ’ . - , i ~~- ’ . :~~ - .j~~’ 01’~~l,’~ t ’.’ i a t i u o~~h i ; ’ .

i ; ,.’’ A — 1 c -’ • jn  e tar:;- in t ‘u~ r i -l a u ,- r i  I ‘~t ow. t or,’ fut ’ a

- j r.  0 ii oc -i ‘ - ‘ - ‘t i ” -1s ,m hr ; ~ 1 ~l r t ,t  1~- ’ of ‘ i. 1 N- I !‘l(~ 1

• a — i s s i  ‘ . 
‘‘ - & -  ,‘.a~- ;-li ’ shows t~u.’ t ;ia;— t a t -iH! , of the a;-pt ’u a i P .

Sc,’ ; 1 m S u - n  ‘w -  ‘~~~~~ - • ‘ ‘ - ; , i ;: t t ~d w i ’ ’ ~
- o i~~~.t; on’, , , i r t- ’c l f l i ! i c - n , shelS’r ,

- ‘c. Ic.’’,.- ba—.ic i’. , ‘ ‘‘ - - ‘~~-r ’ a’ - ’ - c~ ‘c!a i’c,’ l in th.- r’m 1 ita r , knowle dge

: , m  - -e , 
— ‘- - ‘ ‘  • ~~~

‘ ‘c. , ;u’ - , ‘ i I ‘~~~‘ 0 ~ o~t’ t ’ ti, 1 5 i nt l ~j~0; (  td - V t hO

~“at b. ’r , 5 ’o r  i c r , m ’ cd 1 5 c c - ’ -  o~ ‘~~~. ià ’ u ; ’ bIti )CC tflt’ i V J 1 J,)t IOfl

—1-’(na n)sr u ,j r ‘a ss’  1,S~ acco - o’’ * I~~~ t ’ - , t ’  m~ ’ ci~~’. ! ra in ts  impos ed on the

oi l  - , at ion :-r - , ‘~~~~~~
‘- . - . Tb.’ u~~ ,,“t o ’ ‘ s- ‘, ‘‘,lt n r n.’ pn red ~i l1 t o

i o u  f J ~ i ’n  i’d • ~i~’ p . - - jr ~~
- . , c ’  15 ri ‘, uu ur r’ , i t  - Th~ ,‘e cnur

a 1 location , - es~ t’ - ~ ‘, -mul m ;’- t -
‘ ,“- a r  1 c :5 of tb. situ ation and is

rOt a ri nd ,i~ ai -y ’ l u  ,il struc t ,ire !b,o t ~~~~ ;1~ ’,i - ; cu. d fu r ‘, p r - ’  i dea l

Si  tua t ion . ‘ ,,~ ~‘ ,oia; i vi’ ca pa l’  i l i t  in’5 are natura l c n ArT s y s ?  e r ’-..

A . ‘~ ,~ e n ar io  s’n,-rat ion

As part of th e cont in -~cn~ i plann’mn - ; process , the decis ion maker

— -— — —‘ —-—--- —.‘- —‘-‘.-—

~~~ ~~~~~ ‘— -—
— ~~~- - -‘ ~~~~~~~~~~~~ -~~~~~~~~~~~ “— — — - — —
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can t’ ,”lt ’t  t tou - ’- ~t ‘c ,:- -t ’ ,’t t~ ,t I e~ ; Iurat ion ot ;-tu tuot ’h- c ’ ou’ i-qut’fl ~ t’5 of

alt ~‘t ’tia t i y t ’  a t - ,- - ~~? ~h ion.  Tci ~ 0 ~t ’r~ i - o ’ ~ i 11 h.’ 1 p it ’  ~ ho ‘o’ the
j  1 t o ’  ‘‘ ut! i -i.’ , ,i l ’c  u - l i i  :‘.i I ~ - ‘ .~~ ‘,‘ nd i tu ’ n 0? t 1 ‘~‘ and r t - ’ , o u , (  ~ ‘ ‘  . A

.io ’~ 1 5 ,O: t 1 .1 t, -u . “‘ ~ r 10 ; i - r , ’ r a t  t~~ fl wuca 1 & uu~ ,t’ t a t  - i n to  r,oc t i v.’ 1 y n i !  ‘ -

t !i,’ do ’- , 1 s 1 . ~’: .i~~. - o , ; . t ’ : ’, t o  - ‘ ‘ - c t  i, oI ! ~- , ‘ ,‘ , i t 5  0, o v a l  1,i t 1.- t~~- - . - u ’  t i ’ - ,

- ~;;~-s! ; ‘- ci ti , ’ 1, - , - i .  ‘ -  r u-,  a - - o - ’ .S rot atIt’ Out - - i- S  o f  4( t l v”  

‘ s . It ~~-~ l i  ;u> n ) ’ ’ tn. - - t’ ~,’uio ’r l u nu j: n Ion ; cnal ’w 0!

i .0 ’ 1’ - i’ ’~i O c ’ 5 and  J, 5 t’ l o t ’  Ui.- . 0 0  i 0 ’ . ;- , u - ,s i t 1 . -  ( o t t , u M - S  a i d  side

.-t e c ts . m a l l  , , i t  ~~ - Jd  a i d  in ,~~! ~-~~,- r ,o 1  1 . va lc , , t ! 1 ; ’  - t  .-a~~P u

Oi .t, ’ i. ? - i i ’ p ’c ’ , ’d  Hau - , i t I ’ - . ‘ ; ‘ - ‘ c t - , ,tl , a’ - auto : a t  m c  ,1 i -t La n ‘ u , - l p in

i~~~ ’ ;  .o ~- -~ ,il • p ~~~~~ 1 , ’ 0 -  ‘‘ .5 ‘ ‘ . , 0 ,o~~ - t  i~~’’ t o ;  ~~. !‘ ; jS , -~ -r,-

it J o’ . ‘‘ ,‘ ‘t P’ ‘ s- ‘ ‘  i d , , -  - .t’ .~ 1w - s t t o  t o  ‘, i tuj t i u ’ n m’ .’.t’’ ,’.’
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Sittaa~ ion Assessmen t Tra i  nin,j Assessment

1. Observed facts in the field. 1 . Overt tra i nee actions.

2. £ne.ny and fr iendl y goals 2 . Tra inee goals and intentions
and intentions, in task performance.

3. Military tactics , goals and 1 . Training methods , goals, and

doctrine , theories.

3 . The situat ion assessment 4. Assessment of training progress and

process . performance of trai ning systems.

Additional benefits that can be derived in training methodology

f ro-’or progress in s i tua t ion  assessment systems are , the deve l opment of

methods to represent r cc i ll t a ry goals and tactics w hich can be used for

r.’pr~’- •,’ I’ ta t iuo1 of t ra in ing methods. Suc h con~ uter based explic it models

can ;-rovide a testable vehicle for direc t comparison and evaluation of

dif ferent t raini n- ~ methods.

The situation asceccr’x-’nt c-ysto’r’ itsel f can he an inva l uable trainin g

devi ce through the method of apprenticeship. the tra inee encounters a

graded sequence of scenarios and is called upon to give h i s evaluation .

a P4e then obtains the evaluation produced by the situation Assessment system

and , In case of con f l i c t ,  car ask for explanations and justifications and

thus draw incrementall y on the expert knowledge base stored in the system .

Suc h apprentice or “quiet advisor ” relatmonsh ip can be carried through

even to the co.i,nand qr 4) envIronment , provide a means for equalization

of performance between analysts of differing capabi lities, and eleva te
the average couinand group decision performance.
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APPENDIX 8 PREVIOUS SUCCESSFUL KNOWlEDGE -BASED SYST EMS

This Appendi* provides a short sunroary of severa l successful
APT systems . They cover medic al applications , mineral exploration and
natura l language man-machine convimunicatlon . The characteristi cs of

these systems are used in the est im at ion of technical and technological
f e a s i b i l i t y  assessment of Chapter 5.

‘4VCI!i . “V C l~ (“M ortliff e , 1976) is the forerunner of the
rud u~ ‘ion rules based cyste °” S that were constructed recently. It is

a s - .’ s t t ’”- developed ~‘y , S Poor t l i f f e  at the Stanford Medical School . Its
tas k i s  the diagno sis of blood infections, meningitis infections and the

rec jnji~ ndat c ;;~’ - -
~~ 1”;~~- ;  t r v , t ” -.’n t , MY C IN conducts a consultation (in

~t c;I  c- s ”) w ’ tb  , : P’~~c, ic i ir ~~,4~,,’r about a pati ent case , constructin g lines

of rea’. , ‘ ir ~ lc’,,dcr, : ‘ - t~’r d ,aqno cis and treatment plan. Currently, it

Jr - J I , j ; ; ? ” r ’ ~p three ~‘°~~‘ren ’ diseases with 200 different symptoms . The

~nowl.’t; .’ e li c i t o t i o n  °s ac ro ’-p iishe d usin g a set of “IF (situation )
‘“f ‘, , c o o ’ ) ”  r 4 t , ’ ’, ‘ ha’  knowledge base contains , now , more than 800

o - ,,l e- . . “ (“ ,* s ,’s~~e— c,lrt ,‘ .t l ,iir i ’s  li ne oo- reasonino , if requested ,

~‘ud c o n be —-
~ i 4 i t ’ d  0 0 1 ?  4 p - ?’ited ( c n t l n uo us l y duri ng regular use .

“ “a-’ - ,.- s ! , ’-” i~~ i ’I. °”*’nt~~tj on a :gc r:~ - lo computer with a

inte r’ ti v e ti”f’ - S h l r i f lq operatin ’~ syctec’u . It corviunlcates

remotei y over the L~~’aV . t is under continuou s development since

1971 , with m’: ~ f f ~~r t  level of 5-10 ruan years per year , Since MYCIN does

not run stand-done , the respnn~~e t i re  i~ dependent on the system load ,
“ur in q a typ i- ‘il -;u ’-s t ion and answer session , when the system is li ghtly
loaded , the response time is ‘ot ”~’.ut 10 seconds. During consultation , the

response t i re is generally instantaneous. MYCIN is programed in

I’ t. PLI S~’ usin g approxi ”atelv 200K words (900K bytes) of memory, including
the INTERUSP interpreter ,

MEDAS. MEDAS (Ben-Bassat , 1977) is a computer-aided medica l

decision and assistance system used for improving the effectiveness of

medical care in emergency and critical care settings . The system was
developed at the Un i versity of Southern California by Ben Bassat.

B-l
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Its current cap ab l °ities include life Support , diagnosis , treatment
recorvmendation , record management , and a consultant library . Presently
the system can handle 53 major medica l disorders which are identified
by t- -’i) ‘spe c m fic symptoms .

The cJ ”puter systor- c cn sists &‘f a Data General (clipse S/200 CPU

,stng ~°ec”sor ’i’ Mappi ng tn-i Protection , The -.yster uses 56K words (112K bytes)
ic f :O ~~~c o ’ v, ird ,o IJt’ byte c’-,ovin g head d isc . M A ~ design followed top—
- ‘ , , - , “ de sign pra. !i .’~, a S i n - ;  i ndependent modules wh ich are controlled by
on C’s’ . ‘ i ’. t ’ . ‘ ht ’ syste” i’. writt en in ~.‘~‘Ic under the P005 operating

- ‘ 
-

‘ t s ’’’ , I, ~ ‘‘‘ ‘‘t ’ j s ’  5 ,  , 
~i ’

- t ’ ”4’flu — -in i yen ,

:‘~~ ~ ‘. I -  - I”” c ~‘~~S’ -~~o;’l e , 1q 77 ) is another computer-based
c o 1c ’ ~ ~l ,o ° 

- ,, ,~-- •
~~~~~

- -
~~~~ . ‘ 

~ l ~~ ,j~~no ’, is developed by Ic r , 3ac~ D. Myers

- 0~~, “a ,’r , , P c p l s’ , ,i r h i ~ s , s t o - ’r ha~ even larger capabi li ties
! h i o ’  ‘~b.’ p r a ’ ~ ‘ , , ‘ - ,, - 

, h on -fl ing 600 different diseases (not all major

-r.~ç ,) ~~i ’’ ,°‘ -~ 
‘
~~ ‘~ a’  if’-’st ,itions . ~be I nowledqe base for the system

IS ‘,‘- -r s ’ 
~5 ,i~ i r ~~s ’r~~Pd lcs t so tha t each d~seace has an assoc ia ted

hi’ ‘~~ ‘-- . o r ’ o - a-’s ’ o ’i o n s , m d  e i h  “ -i n festat ion i~ associated wi th a list
- f ~~~~~~~~~~ i i O ’ c~ W i!b m “p~~S -jrC of the strength of assoc iation . The

~~‘,ts ”- i ç  cc— ; s -”-’.”-- t e t  or- ‘ha” s c—a Inter a ctive ~1-C fli-lO system as MYCIN.

~t -~ces appr ox o—ota ” l~ the ‘ -~~~
-‘

~~- ,i—ount of “ory as MYI’IN . about 200K

worlS ( 900K b y tes ). I t is -o lso written ‘in ISTERIISP . INTERNIST is under

devel c’pr’i’nt sin - c 1971 with a yearl y effort of 3-4 man years . By next

y o u ’  the cyste” will , etp erimental l~~, provide consultation services through

remote terr’inals at seve ral research hospitals. A fina l deliverable system
is expec ted to be completed ‘in f ’y e  years. The diagnostic quality of

I’~TF~~4~ST outputs f o r  complex medical cases is judged by expert physicians

to be comparable to that of an average internist, i.e . much better than
a fancil y physician.
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As can be seen from the last three medical systems , a comparison
between the apparent capabi l i t ies of a system and the resources used to
implement the system Is a difficult task . On comparing MYC IN wi th

I~ TURNIST , it is found that INTERNIST has apparently greater capabilities

as far as the number of diseases it can diagnose is concerned , yet the

t w ’ systems use approximatel y identical resources. This can be attributed

to factors r i t  taken Into consideration , e.o., the fidelity of the model

or the amount ci t p rocess ing  the cyster dot’s to disburden the user.

r ac~ r ’ i c ’Tc ~
p . :~ ncp [flflP (Duda et, ~o l ., l~~’7) is , computer-based

L(’(’1S~( l ! 0 t ~~M fl sVste ~” used to aid exploration geologists in their search for

- “e ?epo cits . It is curr ently being developed at the Stanford Research

I ns t ’ i~ ute ~~~ ;‘j r ! r-f a 5 year developm ent etfort , It uses a knowledge

bi se ia r~~a c n 1 n :  encode d “-odels of a variet y na’ ore deposits. Like MYC IN ,

uses a sc ’ — ~ ‘ r c ’c, ’,’r ce  rules in ;wrt ci rr’lnq i ts  i nference and
knowledge ,“~~r i ’ ( , a’” ’ m t 1 c r , -. 4rre’c t I a ¶ ha” S vst e ” '  conta i nc  11 9 rules and 600

spaces w$’m i ~“ ~‘a~~’-’ ~ t’ ~~~~ ,o”~ ”t i -  nctwc-rI e r cr ’dl ” ’ -‘ the models , and more

t hin OflO words -c v ’ -~ c -leone— s are in tha’ Svstm’r’ ’ S d ic t i o n a r y ,  The eff ort
le ’~c

’ cc -~b-°st ~~5 “ ,,cn yea r’  pem’ year, hal f o’ wh i ch c done by expert
ir,Cr

The PROSPECTOR sy s t t .~ is  cc -ple rca’r ta’d in the INTEPL. ISP language on

a IIEC ~~~~~ nmn’puter r~ nrcrq urodea the TflPS- ,~fl operating ‘~ys t en’, it uses

more than l)’~~. by tes c~ r~ ”'on’a for ;~rn~~rarr s data and the interpreter .

Processing ti”'w’ f~ r a typical questi on cc approximatel y 1 CPU second. A

consu ltation session on the t i ’~ce~sha red c nr”puter costs r-ç more than a

few dol la rs in c ’ir’ p t j t e r  time .

SHRDIU. SHROLU (Winograd. 1972) is a system developed by Terry

Winogr~d at MIT for understanding English in an interactive Question and

answer session . Knowledge in the system Is represented in the form of

procedures , rather than tables of rules or li sts of patterns. The software
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is written in a modular fashion with conmiunication performed directl y

between modules. The system was imp lemented on the DEC PDP-lO , ITS time-

sharing system and was written in LISP . When operating with a 200-word

vocabula ry and a fairl y complex scene , the system occupies approxima tely

80K words (360K bytes) of memory . Thus inc l udes the LISP interpreter , all
the program , d ictionary entries , and data. Each sentence takes from 5 to

.~O ‘,t’cond’, to anal yze and respond to. The system took 3 years to develop ,

ending in 1972 , with a yea rly effo rt of 1-? man years.

The analysis and comparisons of these ‘ive systems , and the

conclusions relevant to the development effort of a ni litary situation

assessment system is presented in section 5,2 .
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